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PREFACE. 



Since the publication of my former works on the use oi 
Galvanism as a therapeutic agent, it has assumed a 
new and a highly practical character. By a change in 
the mode of applying tke remedy spngie important physio- 
logiqal and pathological disooveries'^^^hayQ abeady been 
made, and &cts accumulated in • sufficient numbers to 

* '* 

prove, that in Localized Gblvanism w^';'have at last 
discovered a remedy for the CHte of soin^ forms of nervous, 
articular and muscular diseases which have hitherto re- 
sisted all other remedial agents. 

Already by means of Localized QtJVanism has been 
created a new kind of anatomy, the surgical anatomy of 
the nerves : by its means the functions of many muscles, 
hitherto so obscure, can now be demonstrated in a way to 
admit of no dispute ; pathological conditions of the muscles 
hitherto unknown and not even suspected to exist, have 
been discovered ; whilst by the same means a flood of light 
has been thrown on those articular diseases which classed 
under the vague head of rheumatism of the joints and 
muscles, were in most instances, confessedly beyond the 
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then known surgical remedies. Localized Galvanism is 
in fact not merely a remedial agent of great power, but a 
means of diagnosis by which, in many cases of deformities 
of the trunk, displacement of the shoulders and lateral 
curvature of the spine, the true cause of the disease may 
be shown to be of a nature wholly different from what 
modem pathology teaches and has taught. 

To a brief history of animal electricity from its first 
employment as a therapeutic agent by the Bomans, to the 
recent discoveries of Du Bois Beymond, I have added an 
equally brief outline of static electricity and of galvanism 
properly so called; but it is chiefly to the history of 
Localized Galvanism as a therapeutic agent that this little 
work is devoted. The basis of the whole inquiry is 
strictly experimental and demonstrative; imlike those of 
preceding inquirers, the experiments have been made on 
man himself, thus removing nearly every source of fallacy : 
time alone can show what the therapeutic results may 
amount to, but of this I feel assured, that if it be permitted 
to conjecture the future by the past, science may con- 
gratulate itself in having bestowed on the medical art, a 
new therapeutic agent with remedial powers superior to 
all hitherto discovered. 

April 1858. 

22, ConnaughtlSqnare^ 
London, 
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PART THE FIRST. 

INTRODUCTION. 

ELECTRicrry under its two most remarkable forms must 
have been known to mankind from the remotest ages. 
The thunderstorm and the lightning's flash are phenomena 
which at all times and under all circumstances, however 
much the human mind may have suffered debasement, 
must have acted strongly on the intelligence, exciting a 
terror and awe to which the uncontrollable and irresistible 
power of the unseen and mysterious agent materially and 
powerfully contributed. So with that other form of 
electricity which certain animals exhibit. The torpedo 
was and is ah inhabitant of the Mediterranean ; the silurus 
of the Nile was known to the inhabitants of Egypt, the 
oldest seemingly of civilized men. T^us the electric 
fishes, as they are called, were early known as such to 
the three great races of mankind, the most remarkable for 
their early civilisation — the Coptic, the Grecian, and the 
Roman. As usual, applicative art preceded science, and 
the torpedo was employed for centuries by the Romans* 
for the cure, or at least as a method of treatment, of palsies 

* Scribonius Largus, De Compositione Medicamentorum Medics. 
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2 ELECTRIC CONDITION OF HOT WIND IN AFBICA. 

and rheumatic affections, before it ever entered into the 
head of man to discover by dissection, the nature of the 
mysterious organs which gave to their possessor the power 
of so singularly acting on man himself. 

To me, it appears certain that the electricity we now 
call static, or that produced by friction, must have, in like 
manner, been early observed by the most illiterate of 
mankind. The Eev. Dr. Livingstone, for ever celebrated 
for his bold journey across the African continent, describes 
in his missionary travels, the electric condition of the hot 
winds of the Kalihari desert. * This wind,' he says,* * is 
in such an electric state, that a bunch of ostrich-feathers 
held a few seconds against it, becomes as stai^ngly charged 
as if attached to a powerful electric machine, and clasps 
the advancing hand with a sharp crackling sound. When 
tliis hot wind is blowing, and even at other limes, the 
peculiarly strong electric state of the atmosphere causefl^ 
the movement of a native in his kaross (a mantle made of 
the skins of wild animals) to produce therein a stream of? 
small sparks. The first time I noticed this appearanoe 
was while a chief was travelling with me in my waggoix.. 
Seeing part of the fur of his mantle, which was exposed' 
to slight friction by the movement of the waggon, assume 
quite a luminous appearance, I rubbed it smartly with 
the hand and foi\nd it readily gave out sparks, accompanied 
with distinct cracks. ** DcMi't you see this?" said I. 
*' The white man did not show us this," he replied ; ** we- 
liad it long before white men came into the country, we 
and our forefathers of old," Unfortunately, I never- in^ 
quired the name which they gave to this appearance, but 
I have no doubt there is one for it in the language. 
* Mimowrr T^yeto in South. Africa^.p. 123. 
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Otto von Guerrike is said by Baron Humboldt to have 
been the first that ever observed this effect in Europe, 
but the phenomenon had' been familiar to the Bechuanas 
for ages. Nothing came of that however, for they viewed 
the sight as with the eyes of an ox. The human mind 
has remained here as' stagnant to the present day, in 
reference to the physical operations of the universe, as it 
once did in England. No science has been developed, atid 
few questioiis are ever discussed, except those which have 
an4ntimate connexion with the wants of the stomach.' 

Thus it would' appear that electricity, as we see its re- 
sults in the fladi of lightning, electricity as it shows itself in 
the Gymnotus, the Torpedo, the Silurus, and the electricity 
artificially produced by firiction, now called static elec-, 
tricity, have been at all times known to mankind. But 
it is only of late that science, turning its attention to 
phenomena, gazed at by the mass with stupid wonder, or 
as- the African traveUer has happily expressed it, * with 
the eyes of an ox,' grouped the phenomena together, re- 
corded and substantiated the facts which, isolated and 
unconnected by known laws, are but of little interest, 
even in a practical s^ise, and of no interest in a scientific 
point of view, and finally succeeded by the discovery 
of some of lie laws regulating electricity in applying the 
forces still mysterious in their nature to important practical 
purposes. And now investigations, comparatively of late 
date, which have been carried through by distinguished 
observers, some of whom are still alive, have placed the 
whole problem to be solved under a new light, opened up 
new fields of inquiry, and fixed on scientific bases what 
heretof(»re was simply a matter of idle curiosity. 
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CHAPTER I. 
On the Development of the Various Kinds of Electricity. • 

As applied to medicine, electricity has been employed 
under several forms : — r 

1st. By modern physicians under the form of static 

electricity, that is, the electricity of friction. 
2nd. Under the form of dynamic electricity, a name 

applied to electricity in motion, or as a current, to 

the electricity of contact and to the electricity of 

induction. 
Electricity disengaged or set free by the voltaic pile, or 
by the galvano-dynamic or magnetic machines, possesses 
physiological properties essentially distinct fi'om those of 
static electricity ; and although cases unquestionably have 
occuri:ed in which the curative powers of static electricity 
have proved equal to those we now derive from the 
d3mamic, yet, as I shall endeavour to prove, it is to the 
employment of electricity under this latter form, that we 
must look for all future progress in the treatment of 
disease. 

The identity of the electricity of the clouds and of the 
electricity of friction was the discovery of the immortal 
Franklin ; to the celebrated Galvani we owe, a9 I shall 
afterwards endeavour to show, the discovery, not only of 
metallic or chemico-thermal electricity, but also that more 
obscure form which is now known to pervade certain 
tissues of animals. This must not be confounded with 
the electricity developed by the Torpedo and Gymnotus,. 
as has been often done by distinguished observers, nor 



GALVANI, OERSTED, AND DUCtiENNE. '5 

eveA with the unknown nerve-force, which in some of its 
phenomena so closely resembles electricity. To prove its 
'P^ese^ce in animal bodies so as to admit no longer of any 
cavil was reserved for Du Bois Eeymond,* one of the most 
distinguished observers of modem times. The first step 
towards the elucidation of that animal electricity which 
Galvani had suspected but did not prove, was made by 
the illustrious Oersted, who discovered the deflection of 
the magnetic needle by the galvanic current in 1819 ; and 
this led to the construction of the galvanometer, an instru- 
ment intended to detect the presence of electric currents 
in situations where heretofore they were either not sus- 
pected to exist, or could not be demonstrated. In the 
hands of Du Bois Eeymond the discovery of Oersted 
assumed a new form and led to the most important results ; 
it conducted, in fact, to the demonstration of an animal 
electricity constantly present in the nerves and muscles 
of living animals and of the laws regulating the electrical 
currents in nerves and muscles. Lastly appeared on the 
field of these singularly interesting inquiries, Duchenne, 
to whom we owe the discovery of localized galvanism and of 
its application to physiology, pathology, and therapeutics, 
in other words, to the science of life, and to the applied 
sciences or arts of medicine, surgery and midwifery. As 
an original observer, and one who had the prejudices 
resulting from the prestige of half a century of failure by 
others to overcome, it was not to be expected that he 
could at once place the discovery in all its bearings before 
the medical world. He was, as he admits, ignorant of 
anatomy ; and of human physiology and pathology he had 

* Untersacliungen ueber thieriBche Electricitat. — ^Bd. i. & ii., 1€48 
and 1849. 
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mad€ no ^pedlal studj. This .deficienejr I har^e endea- 
Toured, -to the best of blj ability, to fill up, bj placing the 
wjbole subject 'On a conect anatomical baas and connectiiig 
its results with existing pathology. 

We have seen, that until the period of FiankUn, the 
deyelopment of electricity was supposed to be limited to 
^be natural electricity of the atmospheve as witnessed in 
the thunderstorm and to that produced by friction. The 
&cit that icectain fishes coidd develop electricity at will 
was either not attended to or overlooked. The dissections 
of the immortal Hunter* had no physiological results, 
though in the right direction, and extremely important 
in explaining to scientific men the dbaraoter of the struc- 
tures employed by nature in the performance of a function, 
which, in point of mystery, yields only to the human in- 
telligence itself. But now other actors appear on the 
soene, natives of that land which had been the birthplace 
of Gdileo and Torrioelli, of Le(Hiardo fmd Baphael — ^Italy. 
It fell to the lot of Galvanif and of Voltaf to show the de- 
velopment of electricity under new Ibrms : to the former, 
we, in reality, as it now appears, frcwn works to which I 
daall present^ refer, owe the discovery of animal elec- 
tricity ; not of the electricity set free by electric fishes, in 
which we find a special apparatus of organs obviously ar- 
ranged by nature ad hoe, but of an electricity, or, at least, 
elecftrical currents constantly present in the nerves and 
xouscles of animal bodies, seemingly dependent on or inti- 
mately united with the organisation of these organs. To 
Volta we owe perhaps the discovery of what we now call 

* Philosophical Traosactions, 1773. 

t De Yiribus Electricitatl3 in Motu Mnscnlari Commentariiui. 
t Schriften fiber Electricitat und Galvanismus, Herausgeg. Yon 
Naase, ISoa 
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Oalvankm, althou'gh tli^re are fcircutni^tancfes in tlie Mi^tory 
of these great discchr^ries — fcflr they truly deserve the ap- 
pellation— M^hich may leiad posterity to ascnibe to Gralvani 
alone the real iherit of both. 

As it is by means of the instruments invented by Gral- 
vani and Volta, and perfected by a host of observers, 
amongst whom istand conspicuously Faraday, Du Bois 
Bejmond, and Duchenne, that all these discoveries have 
been made, it may not be iminteresting to trace, rapidly 
and briefly, the progress of the scientific inquiry ; that 
those who peruse these contributicms, may be enabled to 
assign the merit of priority to him to whom it is justly due ; 
and it will further enable them to follow with more interest 
the practical details, which,;in point of fact, are based on, 
and, in some measure, flow feom the views of the original 
observers. 

Dr. Du IBois Eeymond seems to have been the first to 
place clearly before the world of science the discoveries of 
Galvani and Volta, and to have established the degree of 
mietrit due to each ; but he has done more,— by his researches 
in Animal Electricity he has discovered many new truths, 
and deduced definite laws from masses of seemingly inco- 
herent and even discordant fadts. I cannot therefore do 
better than give you in his own words his summing up of 
many of these interesting points, and the history of two 
such men as Galvani and Volta, names which will never 
disappear fi?om the page df history. * No one who has 
read Galvani's writings, can, without reverence, turn from 
the simple picture of that man whose restless, yet blind 
labours and naive desire for knowledge were destined to 
bear such fruits. Every one will easily excuse his having 
wandered in that way which we shall soon see him take. 
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The problem presented to hira was, an equation with two 
unknown quantities, one of which was the galvanism which 
Volta discovered, the other animal electricity, which latter 
after half a century, now again appears claiming its proper 
place. 

* Galvani really discovered, not only the fundamental and 
physiological experiment of galvanism, properly so called 
(the contraction of the frog when touched with dissimilar 
metals), but also that of the electricity inherent in the 
nerves and muscles themselves. Both of these discoveries 
were however hidden in such a confusion of circumstances, 
that the result in both cases appeared equally to depend 
upon the limbs or tissues of the animals employed. 

' Galvani was by profession, an anatomist and physio- 
logist. He was possessed with the idea, which then was 
popular, of an animal electricity which he demonstrated to 
his class in the anatomical theatre. It is not therefore, to 
be wondered at, that he should endeavour to solve* the 
problem in that manner which appeared to open the way 
to the explanation of a multitude of facts. Volta indeed, 
held the same opinion, though at first he was sceptical, in 
consequence of the many deceptions which had already 
occurred in this branch of knowledge. He passed as he 
himself tells us, from unbelief to fanaticism, as soon as he 
had handled the wonderful facts. Nevertheless he was 
ready to reject those bright projects which galvanic dis- 
coveries appeared to imfold lor the physiology of the 
muscles and nerves, as soon as he considered that he had 
proved that they were not tenable in the existing state of 
science. No one who wishes to judge impartially of the 
scientific history of those times and of the leaders, will 
consider Galvani and Volta as equals, or deny the vast 
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superiority of the latter over all his opponents or fellow- 
workers, more especially over those of the Bologna school. 
We shall scarcely again find in one man gifts so rich and 
so calculated for research as were combined in Volta. He 
possessed that incomprehensible talent, as Dove has called 
it, for separating the essential iix)m the immaterial in com- 
plicated phenomena ; that boldness of invention which must 
precede experiment, controlledby the most strict and cautious 
mode of manipulation ; that unremitting attention which 
allows no circumstance to pass unnoticed ; lastly, with so 
much acuteness, so much simplicity, so much grandeiu: of 
conception, combined with such depth of thought, he had 
a hand which was the hand of a workman. It is strange, 
indeed, that a German voice should call an Italian phi- 
losopher to order for depreciating the great Volta/ 



CHAPTEE 11. 

Discovery of Galvanism. 

It was during the summer of 1786 that Galvani iSrst ob- 
served the effects of static electricity on the nervous 
and muscular systems of a frog prepared for that purpose. 
The sparks employed were drawn from the electric ma- 
chine ; he soon after repeated the experiment with light- 
ning. In the autumn of the same year he endeavoured 
to discover the action of atmospheric electricity on the 
prepared Hmbs of frogs during a stormless sky. On the 
20th September 1786, he made his great discovery^ which 
he at first misinterpreted and misunderstood, in other 
words, he discovered metallic electricity and the properties 
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of the comlnna;tions of differenft metals ; lie compared the 
muscles of the frog, and, by inference, of all animals to a 
Leyden jar, their outer surface being charged with nega- 
tive, <iheir inner widi positiTC electricity ; the nerv^ he 
viewed as the conductor of this jar, and togefther with the 
blood-vessels as the means l5y which the muscles are sup- 
plied with electricity. In his view, the metals be em- 
ployed merely completed the circle, and had nothing to 
do with the generation of the electric phenomena which 
ensued by their <Jontact, nor witTi tbe power, which acting 
on the muscles, caused them to contitict. Yet we now 
know that he early suspected the trutb to be opposed to 
his theoiy, for, on the cover of a journal, containing his 
first experiments in September 1786, there is this inscrip- 
tion in Gralvani -s handwriting, * Experimenti circa I'Elet- 
triciti di metalli,' and he seems soon to have abandoned 
this direction and to have returned to his original ideas of 
animal electricity. Thus was the field of discovery in 
metallic electricity left open to Voha, who entered on the 
inquiry with all the advantages of an intimate knowledge 
of what Galvani was then doing and had already done. 

Carried away by the novelty of the discovery and of 
the great results to which it seemed with certainty to 
lead, Volta came to tlie conclusion that most of the phe- 
nomena observed by Gralvani had nothing to do with 
animal electricity, but that the contractions in the muscles 
of the frog were caused by very feeble currents of elec- 
tricity produced by the application of heterogeneous metals 
to the limbs of animals. He went still further,* for he 
contended, that even wben the metals were believed to be 

* Animal Electricity. By Du Bois Reymond, M.D. Edited by 
H. B. Joaen, M.I)., p. 13 . 
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komogeisieoiis, some slight difieienoe^Bdlieir fiurfacesipfliich 
had escaped observadon had pxoduoed the idectdcity. To 
show what flight diffeienoes were sufficient, he ixiade ihe 
experiment with a jod of really home^emeous tnetal^ that 
is, one which produced no contraction, in &e Umbs of a &og. 
He then dipped one end of thb srod into boiling water 6k 
half a minute, and repeated the experiment before it had 
time to become cool ; and the muscular contractions im- 
mediately occurred. The same result happened when one 
end was softened while the other i^mained hard : he there- 
fore rejected altogether the existence of an^animal elec- 
tricity, and whenever contractions occurred, he alleged 
that they were <»u8ed by heterogeneous metallic combi- 
nation. 

Galvani became thtis fcoced to oiter ©n new inquiries, 
not merely with a view to support his theory, hut even to 
prove the existence of an animal electricity, which Volta, 
followed by some of the most distinguished observers, had 
called in doubt. He succeeded so far as to produce con- 
tractions in ihe muscles of frogs and other animals without 
the intervention of any metal whatever; and had he and his 
followers remained^ content with the amount of this dis- 
covery and its true application to facts, admitting at the 
same time, the truth of Volta's discoveries, the controversy 
must have ceased, and animal electricity properly so called, 
together widi that produced by heterogeneous metals, 
would have assumed their just position in science. Each 
on the contrary, together with his partisans, maintained 
exclusively his respective views ; and it was reserved, as 
we have already seen, for another age and other inquirers 
finally to adjust their differences, and to reduce to laws the 
discordant results of numerous experimenters. In the 
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mean time, it must never be forgotten, that nothing is yet 
in reality known of the true nature of the electric or the 
magnetic fluids or forces, or of what is called nerve-force, 
and that, in this respect, as on many other points in their 
history, an ample field for observation and discovery re- 
mains open to future observers. 



CHAPTER ni. 



Animal Electricity — Itesearches of Humboldt. 

Whilst the discussion between Galvani and Volta was 
at its height, the illustrious Humboldt* came to the aid of 
animal electricity, almost defeated and expunged from the 
list of realities. He established a circuit, merely and 
simply of nerve and muscle, and excited vivid muscular 
contractions. I may here remark that such an experi- 
ment does not in any way prove the existence of an animal 
electricity constantly present in the nerves and muscles. 
"What are, in fact, the elements of such a phenomenon ? 
The bringing a nerve in anomalous contact with a muscle 
in an equally anomalous condition might develop elec- 
tricity which previously had no existence there, or cause 
by an influence, unknown as yet to us, the contraction of 
the muscle so touched. Neither did it follow, nor even is 
this point now clear, that it must of necessity be due to 
the development of electricity. Still we know not as yet 
any other force but electricity equal to the production of 
the phenomenon, for the terms 'vital force' and * nerve 

* yeisnohe fiber die gereitze MuskeliindNervenfia8er,&c. Berlin, 
1707. 
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influence,' are terms too vague to be accepted in strict 
physics. Further, he drew the nice distinction between 
metals which being homogeneous, do not convulse an 
animal when applied to its tissues but which do so when 
rendered heterogeneous by the slightest alteration in 
mixture, polish, hardness, form, or temperature, a fact 
discovered by Volta, but interpreted by him in a way to 
suit his own hypothesis. Thus did Humboldt clearly 
perceive the source of the discrepancy and the cause of 
the dispute ; but he did, in my opinion, more than this ; 
he Established one of two things, either that electricity is 
a force most widely extended and apt to be developed 
like heat, by changes so slight as to be scarcely per- 
ceptible; or that muscular contractions are excitable in 
certain animals by an electricity of the very ieeblest cha- 
racter. As to the existence of animal electricity itself, 
he had so. far set the question at rest by the following 
experiments : 1st. By bending the thigh of an animal 
upon its ischiatic nerve when these parts were in organic 
connection. 2ndly. By touching simultaneously the 
crural nerve and the muscles of the thigh with a portion 
of the crural nerve which had been cut off. . 3rdly. By 
establishing a circuit between one point of the nerve and 
some other point of the same nerve by means of some 
animal tissue. 

In the first case, contact was made between parts orga- 
nically connected ; in the two last, it was made by 
separated parts, which shortly before had belonged to the 
stimulated organ, and were homogeneous with the sensitive 
or irritable fibres. 

These experiments it is true, do not prove the identity 
of the power passing from the nerve to the muscle, or 
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9100 ver9d with metallic or wil^ any other form of elec* 
tricity ; they mCTsly ahow^ that after the circle is com^ 
pktedy the muscle acts, proving by ita contractioii, thait a 
stxmalus has been applied to it analogous to electricity, 
that its oontractilily &nA» an excitant in the nerve; 
butitkis even take» place under the action of the will and 
of a great many other stimulants, mechamical, chemical, 
SbCL Matteuccl had long since obtained currents from the 
dissected muscles of frogs whilst they were still in con- 
nection with ^e living body of the animal; but such 
experiments did not prove, even in his own opinion, that 
the currents existed in. the animal previous to any dis- 
section or experimental arrangement. To prove this &ct 
was* reserved for Du Bois Rey mond. 

The experiments: of Humboldt, though admirable and 
fruitfiil,. do not therefore, prove absolutely the identity of 
the exciting power of a nerve with electricity, or lather 
the presence of electricity in the nerves and muscles; to 
prove this, it became necessary to invent an electrometer 
so delicate as to detect the absolute presence of electricity 
in the musdies and. nerves,. independent of all: physiological 
phenomena. 



CHAPTER IV. 

The Galvanometer or Electrometer, 

This new phasis in animal electricity and in diectro- 
phyi^iology may be said to date from the discovery of an 
electrometer in the magnetic needle; the. deflection of the 
needle by the galvanic current was the discovery of 
Oersted. Ampere's double astatic needle followed^ and 



by its means Nobill wa» enabled to give to tibe galvar- 
nometer, wbidbu ixL &ct. means electrometer^ a delicsusy 
beyond e^cipeGtation. On its discovery, Uobili* immedir 
ately sought for electric currents in: nerves. As bis first, 
experiments, as we have already seen^ wexanot successful, 
X neied not describe them. In his> second, he proved by 
the deflections of the needle that a positive current was 
passing from the muscle to the nerve, or from the feet to. 
the head in the frog. He proved the current to. be not 
only present at the moment of dosing the circuit (of: 
nerves, and muscle) but permanent, that is, qonstant and 
never, ceasing; and that it is not caused by any external 
element. Now this was, in point of &ct, the great matter 
in dispute, and is a matter wholly independent of any 
metallic or thermo-electric theory. * Yet Nobili did not. 
seem to have fully comprehended the value of his own; 
discovjeries ; . this was reserved for Matteucci, and more: 
especially for Becquerel, who falling bade in 1831 on the 
obvious anatomical facts connected with the subject, of 
electdc fishes, proposed what some have called a theory 
of animal electricity. This hjrpothesis was that, at the: 
moment of the shock, the electricity was devdoped in 
the. brain, and was thence conveyed, to the electric organs: 
to charge the little cylinders of which they are composed; 
Matteucci seized on this idea^ one indeed which mnst^ 
have occurred to every one who had ever dissected the 
electric organs of the gymnotus or torpedo, and published it 
in: various journals ; he is accused of not having mentioned, 
the name of its author, but was this necessary in respect 
of an hypothesis of such simple and easy, invention? 
Further reflection naturally induced, him to abuidon it, 

* BibUoth^ue Uniyerselle. Koy. 1827. 
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and to recommence the study of the electric current in 
the frog, the object being to remove from the frog- 
current all suspicion of a simple chemico- or thermo- 
electrical origin. Its supposed metallic origin had been 
already refuted by Humboldt, and perhaps by Galvani 
himself. The history of this scientific investigation into 
a series of phenomena of a singular and mysterious cha- 
racter merits the greatest attention, even admitting that 
the results of the inquiry do not as yet elucidate in any 
remarkable manner the nature of life, 

Nobili applying skilfully Ampere's astatic needle, gave 
suddenly to the galvanometer a delicacy beyond expec- 
tation: this was not wanted, it is true, in a practical 
sense, but it is a feature of modem times that the sciences 
pure and applied mutually aid and react on each other, 
whilst the ingenious mechanic lends his aid towards the 
perfecting of those instruments which genius alone could 
invent. Accordingly, we 6nd that the first use Nobili 
made of the discovery of Oersted's needle, improved by 
Ampere and himself, was to search for electric currents 
in the nerves. He knew perfectly well that by means of 
electricity applied from without, sensation and motion, 
pain and muscular contraction can be excited in living 
animals ; he must also have known perfectly well that 
certain fishes have the power of discharging electric 
shocks at will, from the surface of their bodies ; but all 
this has nothing to do with what is properly called 
animal electricity, in other words, the existence or non- 
existence of electric currents in animal bodies, con- 
stantly present and requiring for their development no 
special organs — such as we find in the gymnotus and- 
torpedo. 
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' I have said that the first use Nobili made of his dis- 
covery was to search for the electric currents in nerves : 
he failed to observe them. He then compared the sensi- 
tiveness of the frog's limb with that of his galvanometer. 
He repeated Galvani's well-known experiment, which was 
this : * When the spinal column and the feet of a frog axe 
dipped in two vessels containing water or brine, the limbs 
contract as soon as the vessels are connected by some con- 
ductor, such as a strip of moist asbestos or of cotton. The 
galvanometer being included in the same circuit, the 
needle remained motionless whilst the frog was convulsed. 
The current, strong enough, though weak, to act on the 
frog had no effect on the galvanometer.' 

But Nobili soon invented a new and more perfect in- 
strument, and he obtained one which, with a solution 
of salt in the conducting vessels, acted on the needle, 
causing a deflection of 10'' to 20'', and even of 30°. The 
deflection of the needle when present always indicated a 
positive current passing from the muscle to the nerve, 
or from the feet to the head, in the frog. Galvani 
knew of this current: to it Nobili gave the name of 
la corrente proprii delta rana. It may be called the 
lh)g-current. 

To some it pay appear unnecessary to record thus 
minutely the history of the galvanometer, inasmuch as 
the existence of animal electricity in the sense I use the 
term had been demonstrated by Galvani ; but we shall find 
presently that the scientific world generally had not ac- 
cepted of his demonstration ; nor was it until, by the labours 
of Oersted, Nobili, Ampere, Matteucci, and, lastly, of Du 
Bpis Reymond, that this important fact was finally made out. 

Before I proceed to consider the important investi- 
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gations of this, the ablest and most successful after 
Galvani and Volta of all these experimenters, I shall offer 
a few remarks on the labours of some who may almost be 
considered their junior contemporaries. 

Du Bois Eeymond has proved the frog-current to be 
not only present at the moment of closing the circuit — it 
is permanent. The frog-current itself is quite inde- 
pendent of the property which the leg of the frc^ pos- 
sesses of contracting by the action of that current; in 
other words, the muscular contractility of the muscles of 
the frog is a property of the muscle itself, which, although 
probably derived from the nerve-influence, is not derived 
from the electric current of the nerve, but merely brought 
into play by that current in the same manner as if it were 
excited by any other form of electricity. It does not even 
seem to be the same as the contractility which obeys the 
will of the animal. These curious facts came out but 
recently, and are the results of CKperiments made not on 
frogs or rabbits but on man himself. Moreover, the frog- 
current continues for several hours after death, whilst the 
leg, that is its muscles, when subjected to the action of its 
own current, are no longer excitable after a quarter of an 
hour.* It might be objected, however, to this experi- 
ment, that, when the current which still yontinues in the 
nerves of the dead frog fails to produce contractions in the 
muscles of the limbs of the animal, this result may arise 
from the weakened current, or from the rapidly exhaust- 
ing electro-contractility of the muscle. 

The ingenious Kobili believed the origin of these 
currents in the nerves and muscles to be thermo-electric 

♦ Vorlaufiger Abriss einer Untersuchung iiber den Froschstrom, 
u. 8. w.— Pogg. Ann. 1843, Januar. 
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and not animal, and ascribed the phenomenon to the more 
rapid cooling of the smaller masses of nerves in comparison 

with the slower cooling of the larger masses of muscles. 

Nor was it until after Matteucci* (1839) had again re- 
called the attention of the scientific world to the character 
of these interesting phenomena that the existence of these 
currents was finally admitted by all. The object of his 
experiments was to remove from the firog-current all 
suspicion of a simple chemico or thermo-electrical origin. 
With this he coupled a theory or hypothesis concerning 
the origin of the electrical currents in the brain — a theory 
he was soon forced to abandon. The results of his valuable 
but confused papers have been summed up by an able 
and candid writer. 

Matteucci showed that the electro-motive action in the 
frog upon which the frog-current depends is independent 
of the contact of the muscle and nerve, external to the 
limb, so that by connecting any two parts of the frog, the 
back and the leg for instance, a current is obtained. 
Nevertheless, the conclusion was still open to certain objec- 
tions, which the reader will readily perceive : these seem to 
me to have been finally removed by the researches of Du 
Bois Reymond. 

Thus, gradually arose various improvements in elec- 
trical machines, necessitated or at least called for by the 
wants of scientific men. The machine I esteem the best, 
and which I always employ, is the galvano-dynamic, made 
by Messrs. Home and Thomthwaite. It is the in- 
strument with which the electrician works with most 
advantage, whether he be a medical or a purely scientific 

♦ Essai BUT les PMnom^nes iSlectriques des Animaux ; Traits des 
Phenomfenes Electro-Physiologique des Animaux, par C. Matteucci 
suiyi d'Etudes AnatoHiiqae, par Paul Savi. Paris, 1844. 

C 2 
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man, labouring to discover scientific truths for the sake of 
trudi alone. 

The last great improvement in what may be called the 
mechanics of electricity was the discovery by Faraday, in 
1831, that when an electric current traverses a wire it 
induces or excites another current in any conductor held 
parallel to it, a second being excited the moment the first 
current ceases to traverse the wire. These currents are 
respectively named primary and secondary, and are always 
opposed in direction to the battery or exciting current. 
He called these currents; on account of the manner by 
which they are produced, induced currents. 

As an appropriate conclusion to this brief history of the 
origin of the various forms of electricity, I shall here 
describe the construction of the electrical apparatus I 
always employ. 
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The galvano-dynamic apparatus represented in the annexed cut 
consists of a coil of insulated copper-wire, about ^ inch, surround- 
ing an interior core of soft iron-wire, and itself surrounded by a 
helix of very fine insulated copper-wire. The coil of thick wire is 
connected by means of the binding screws Z and S with the galvanic 
battery, and forms what is called the primary current arrangement. 
The outer coil of fine wire produces the secondary or induced current. 
The binding screws marked P and N are connected with the con- 
ductors by flexible metallic cord, and when not in use are contained 
in the drawer in the pedestal of the instrument. The P and K 
denotes the direction of the current, or the positive and negative 
poles of the instrument; and these screws are brought in contact 
with the primary or induced arrangement, as desired, by turning 
the button in front of the pedestal, the connection being indicated 
by the words ''Primary" or "Induced" appearing at one or other 
of the two longitudinal openings. The primary current is regu- 
lated by the smaller sliding graduated metal tube at the right of 
the instrument, and the secondary current is regulated in a similar 
way by sliding the larger metal tube at the left. Either of these 
currents can further be adjusted by the water-regulator at the back 
of the coil, by sliding up or down the platinum wire attached to the 
ivory top. The adjustment of the contact-breaker in front, so as to 
produce either the efifect of a continuous current or a number of 
distinct currents or shocks, is accomplished either by unscrewing 
entirely the wire and adjusting weight from the lower portion of the 
vibrating iron-keeper, or fixing the weight at any portion of the wire 
from its end to contact with the keeper. In the former case the 
utmost rapidity of vibration is produced, and in the latter any 
number of shocks in a second that may be required, commencing at 
the lowest point of two. 
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CHAPTER L 

I SHALL pass over the early efforts of Du Bols Eejrmond 
to form a galyanometer sufficiently powerful to prove the 
existence of electric currents in animals, and to detect, 
under all circumstances, the presence of an electric cur- 
rent in the muscles and nerves ; this Matteucci had failed 
to do. Du B. Eeymond constructed two galvanometers ; 
with the smaller he detected the nervous current as well as 
the muscTilar ; the wire of this instrument is 3,280 feet in 
length, and is coiled 4,650 times around the frame. Witli 
a new and more powerful instrument he was enabled to 
detect delicate variations of the nervous current which he 
had anticipated, but been unable to detect with the 
smaller galvanometer. It forms no part of the plan of 
this Work to describe the instruments by which this 
distinguished observer arrived at his conclusions; it is 
with these, and their bearing on electro-physiology, 
that we are chiefly concerned here. In the larger instru- 
ment the wire wound upon the frame is a copper wire 
5,584 yards or 3*17 English miles in length; it forms 
round the frame 24,160 coils. 

The conclusions to be drawn from the ingenious and 
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most conscientious researches of Du Bois Reymond,* liave 
been thus summed up with great care by a gentleman who 
has devoted much attention to the progress of the inquiry 
I now consider : — 

1. The muscles and nerves, including the brain and 
spinal cord, are endowed, during life, with an electro- 
motive power. 

2. This electro-motive power acts according to a defi- 
nite law, which is the same in the nerves and muscles, 
and may be briefly stated as the law of the antagonism of 
the longitudinal and transverse section ; the longitudinal 
surface being positive, and the transverse section nega- 
tive. * 

3. As the nerves have no natural transverse section, 
their electro-motive power, when they are in a state of 
rest, cannot be made apparent imless they have previously 
been divided. 

4. The muscles having two natural transverse sections 
may show their electro-motive power without being di- 
vided. However, the electro-motive power of the undis- 
sected muscles is often more or less concealed by the 
contrary action of a layer situated on the natural trans- 
verse section called the parelectronomic layer. The 
contrary electro-motive power of the parelectronomic 
layer may be increased by cooling the animal. 

5. Every minute particle of the nerves and muscles 
acts according to the same law as the whole nerve or 
muscle. 

6. The currents which the nerves and muscles produce 
in circuits, of which they form part, must be considered 
only as derived portions of incomparably more intense 

* 4JuinaL Electridtf, p. 210. 
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currents circulating in the interior of the nerves and 
muscles around their ultimate particles. 

7. The electro-motive power lasts after death, or in 
dissected nerves and muscles after separation from the 
body of the animal, as long as the excitability of the 
nervous and muscular fibres; whether these fibres are 
permitted to die gradually from the cessation of the con- 
ditions necessary to the support of life, or whether they 
are suddenly deprived of their vital properties by heat, 
chemical means, &c. 

8. In the different contractile tissues the electro-motive 
power is always proportioned to the mechanical power of 
the tissue. 

9. Other animal tissues may, indeed, produce electro- 
motive action ; but it is neither so strong as the action of 
the nerves and muscles nor so regular ; nor does it vanish 
with the vital properties of the tissues ; nor does it lastly 
undef go those sudden variations of intensity and direction 
which may be thus briefly stated. 

10. The current in muscles when in the act of contraction, 
and in nerves when conveying motion or sensation, imder- 
goes a sudden and great negative variation of its intensity. 

11. Muscles inactive iiom the contrary action of the 
parelectronomic layer, when contracting become active in 
the opposite direction to that which muscles in a state of 
rest exhibit Hence, it must be concluded, that the 
electro-motive force of the parelectronomic layer remains 
constant in the act of contraction. 

12. The negative variation of the muscular current is 
not a permanent one during permanent contractions; it 
consists rather of a rapidly following succession of simple 
and sudden variations of the intensity. 
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13. It lias not yet been ascertained, whether in the act 
of contraction the muscular current is only diminished, or 
wholly vanishes, or whether it changes its direction. 

14. After the contraction has ceased, the current does 
not suddenly recover its original intensity, but the tetanus 
has a slight subsequent influence on the intensity of the 
current. 

15. The negative variation of the muscular current in 
the act of contraction fully explains Matteucci's so called 
induced contractions. 

16. If any part of a nerve is submitted to the action of 
a permanent current, the nerve, in its whole extent, sud- 
denly undergoes a miaterial change in its internal constitu- 
tion which disappears on breaking the circuit as suddenly 
as it came on. This change, which ig called the electro- 
tonic state, is evidenced by a new electro-motive power, 
which every point of the whole length of the nerve ac- 
quires during the passage of the current, so as to produce, 
in addition to the usual current, a current in the direction 
of the extrinsic current. As regards this new mode of 
action, the nerve may be compared to a voltaic pile, and 
the transverse section loses its essential import. Hence the 
electrical effects of the nerve, when in the electro-tonic 
state, may also be observed in nerves without previously 
dividing them. 

17. The electro-tonic state of a nerve is the commence- 
ment of its electrolysis. The contraction on making the 
circuit is caused by the nerve passing into the electro- 
tonic state, and that on breaking the circuit by the nerve 
passing out of this state. 

18. In the muscles the electro-tonic state does not 
manifest itself as it does in the nerves. 
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19. Approaching death, and severe injuries of the dus- 
cular and nervous tissue cause other modifications of the 
electro-motive power of the nerves and muscles of which 
some are permanent, and connected with the total ex- 
tinction of that power ; others are only transitory. 

20. The electric phenomena of motor and sensitive 
nerves are identical. Both classes of nerves transmit irri- 
tation in both directions. 



CHAPTEE II. 

Discovery of Localized Galvanism, 

Whilst scientific men, properly so called, were thus 
slowly and cautiously establishing the facts, firstly, that 
animal electricity exists, and, secondly, what were its laws 
in various animal bodies, others were turning their at- 
tention to the application of the newly-discovered forms of 
electricity to the alleviation of human disease. Amongst 
these foremost stands Duchenne, the discoverer of the ap- 
plication of localized galvanism to living organs. In the 
present state of this important inquiry, it would be rash to 
venture a prediction as to the extent .to which man may 
ultimately be benefited by the discovery, but without 
being too sanguine, it may with all safety be assumed, that 
galvanisation will henceforth assume an important position 
.amongst the remedial agents at the command of the physician 
and surgeon. Before entering on the details inseparably 
connected with the subject, and which, indeed, in the 
present state of electro-physiology, form its most im- 
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portant feature, it may be advaatageous to the reader, 
and is indeed incumbent on me for many reasons, to 
present bim with a brief smnmary or outline of the labours 
of that inquirer to whom the profession owes the discovery 
of localized galvanism. 

We learn from the inventor of localized galvanism that, 
^ for ten jrears, the endeavour to direct or limit the electric 
power in the organs formed the constant subject of his 
thoughts. By it he hoped, and it was a reasonable expec- 
tation, to study certain physiological properties in the 
organs themselves, as well as to learn by this method 
something of their pathological conditions. Persuaded of 
the close analogy which obviously subsists between elec- 
tricity and the nervous influence or power (nerve-force), 
he soon discovered that the will does not possess to the 
same extent as localized galvanism the power to limit the 
nervous influence over or in each organ. Consequently, if 
we succeed in localizing the action of electricity, we ought 
to expect to see developed new phenomena more or less 
difierent fix)m those of the will. Now, this expectation 
has been realised. For a long time in fact, following the 
method of Duchenne, we can now at will confine the elec- 
tric power to the surfece of the body or causing, it to 
traverse the integuments without exciting them, concen- 
trate its action on a nervous trunk or filament in a muscle, 
or in a muscidar fasciculus. Applied to physiology, to 
pathology, and to therapeutics, it has already fiillilled, and 
even surpassed, the expectation of its inventor. 

Of the various kinds or forms of electricity Duchenne 
gives the preference to the electricity of induction, and 
this is the method I have myself almost uniformly adopted. 
The method being determined on, it became necessary to 
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create as it were a new kind of anatomy, or rather to 
determine rigorously the position of the nerves and organs 
to be acted on, and their coincident points on the surface 
of the body — points now so well determined as to enable us 
at all times to apply the force without hesitation ; to do, in 
feet, for the nerves what surgical anatomists had long since 
done for the arteries, namely, determine their exact posi- 
tion and their corresponding points on the surface of the 
body. It was, in fact, the surgical anatomy of the nerves 
to be determined, not by dissection but by physiological 
experiments made on man himself. 

In this inquiry it was constantly to be kept in view that 
muscular contractions are never isolated absolutely : the 
actions of the muscles are, in fact, synergic. In the course 
of the inquiry a new fact also appeared, namely, that the 
electro-muscular contractility is not necessary for the per- 
formance of voluntary movements. From this fact, which 
Duchenne believes to be wholly new to sciedce, flows, as 
he thinks, the conclusion that the nervous fluid and elec- 
tricity are not identical. Another conclusion which he 
drew from his experiments, for such in reality they were, 
was that voluntary movements take place from the exercise 
of a property as yet unknown or not imderstood. To this 
property he proposes to give the name of muscular con- 
sciousness, and this property is lost in certain pathological 
conditions. I shall not stop here to inquire either into the 
novelty of these views or the propriety of the name given 
to the power of the will over the muscles of voluntary 
motion. The muscular sense, or sense of resistance, de- 
rived no doubt in part, if not wholly, from the exercise of 
the will, was carefully analysed with other views by the 
celebrated ideologist, Detust de Tracy, who claims, in 
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fact, to be the discoverer of a muscular sense — the sense 
of resistance, a sense in which some metaphysicians place 
the consciousness of our existence. 

With all the enthusiasm of an inventor, of a discoverer 
in fact, Duchenne sees in his discoveries a means to eluci- 
date many obscure affections and deformities which have 
long baffled all surgical appliances, physiological explana- 
tions, and pathological discussions. The paralym and the 
contraction of the diaphragm are discoveries which he 
thinks would not have been made but by the aid of local- 
ized galvanism ; he makes the same remark in respect of 
the fatty and progressive mitscular atrophy — a disease 
attacking indiscriminately all classes of society, and to this 
very disease of muscular atrophy he owes the discovery 
and demonstration of the truths of electro-physiology from 
the point of view in which he considers it. But it is 
in paralysis mainly that the method has been productive 
of the largest results. 

At first purely scientific, his researches gradually as- 
sumed the form of electro-therapeutics ; in other words, 
they became applicative and practical : thus his views 
' were gradually extended. The results have been summed 
up by the author in his Treatise* on Localized Galvanism, 
and its application to Physiology, Pathology, and Thera- 
peutics. As the results of the method will fall to be con- 
sidered in detail in the following chapters, I shall here 
confine myself to a very brief outline of the views of 
Duchenne, and of the success, as reported by himself, 
which hitherto has accompanied his practice. None will 
be disposed to question the ingenuity and singular in- 

♦ De r^^lectrisation localisee, et de son application 2k la Physiologie, 
ifc la Pathologie et k la Th^peutique. Paris, 1855. 
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dustry with which the author has carried out his first 
idea : it is for the profession, and for those who follow us, 
to decide on the value of the therapeutic agent by the 
rigid test of trustworthy statistics. Its application to 
disease has been my constant labour for many years. 



CHAPTER III. 



Of the Various Forms of Electricity in Use, and of their 
Mode of Action on Living Bodies. 

In medical practice we employ the electricity of fric- 
tion, the electricity of contact, and the electricity of in- 
duction : the first is called static electricity ; the two last 
are confounded under the name of dynamic electricity; 
the last is more especially called galvanization. It has 
been proved experimentally that simple galvanism and 
the galvanism of induction diffier materially in their effects 
on the surface of the body and on certain organs situated 
at various depths. The latter best suits muscular galvani- 
sation, especially when the remedy must be fi-equently ' 
applied and for a great length of time. In fact, by the 
electricity of induction we may excite the most vigorous 
muscidar contractions without at the same time exciting 
the cutaneous sensibility, without producing any commo- 
tion or disturbance, without throwing the organs into a • 
sort of stupor, without tearing the capillary vessels ; in 
a word, without occasioning, as static electricity does, all 
those accidents which produce in different individuals 
different reactions. It is known also that, if simple gal- 

r 

vanism and the galvanism of induction possess equally the 
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property of recomposition, or of re-collecting their force 
profoundly under the integuments, or, in other terms, of 
concentrating their action in the muscles and nerves with- 
out exciting the skin, it is nevertheless known that the 
chemical and physical properties of inductive galvanism 
are infinitely less developed comparatively with those of 
simple galvanism, and that they are too feeble to be appre- 
ciable during the muscular galvanization. It is known 
also that the galvanism of induction acts but feebly on the 
retina, and does not complicate in any troublesome manner 
the galvanisation of the muscles of the face. Hence arises 
the importance and the necessity of employing localized gal- 
vanism, and the electricity of induction, which, by altering 
in no way the tissues, is essentially medical galvanisation. 
The diflBcult problem being now itolved as to the pos- 
sibility of throwing the whole influence of the electric 
power on a particular muscle, nerve, or organ without 
injury to and without even affecting the neighbouring 
organs, the next step, and that, in reality, the most im- 
portant, was, to ascertain the curative powers of the new 
therapeutic agent, its influence over paralysis, contrac- 
tions, and other disorders of the muscles, lesions of the 
organs of sense, vitiated, interrupted, or disordered secre- 
tions, in fact over all those diseases which might be sup- 
posed to be dependent on or conneclM with the nervous 
system. For whatever view might be taken of the nature 
of the electric power, and however employed, one thing 
was manifest, the close resemblance of some, at least, of its 
effects to the equally imknown, equally mysterious nerve- 
force or nervous influence. On theoretical grounds it 
might be objected, that in many nervous ailments there 
exists no proof that such arose from any deficiency of the 
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natural electricity of the body, and that the discoverer 
himself admitted that irritability is not necessary to mo- 
bility, or, in other terms, that the integrity of the electro- 
muscular contractility is not necessary for the exhibition of 
the volimtary movements ; the excitability of the muscles 
by electricity may be lost, and the power of the will over 
these may be retained. When the celebrated John 
Hunter recommended one of his patients who had become 
paralytic in one arm, to make an effort of the mil, and try, 
were it only in thought, to move the arm, it is clear, that 
the illustrious surgeon and physiologist viewed the power 
of the will over the muscles, merely as one of many ex- 
citants and not as the actual contractile power itself. To 
this curious subject Duchenne devotes a chapter; and 
many other points equally difficult and equally obscure, 
will, no doubt, have already suggested themselves to my 
readers, most of which I shall have occasion to consider in 
the ensuing sections of this Work, whilst discussing the 
practical applications of the method; for in our art the 
appeal must ever be made to practice, to observation, and 
to oft-repeated experience; from these flow the laws or 
rules of practice, which are, in fact, but the result of the 
accumulated experience of ages. 

Some ingenious observations occur in the work I here 
allude to on the existence of a new muscular property to 
which the author gives the name of muscular conscious- 
ness ; to this property I have already alluded. It may or 
may not be the same property described by Detust de 
Tracy in his Ideology. Tracy was no physiologist but a 
profound metaphysician. His ingenious views have been 
plxmdered without acknowledgment by many modem 
writers. But however this may be, the facts are certain. 
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viz., that there are persons deprived of all sensibility of 
the sHn, muscles, bones, nerves, in whom, in fact, it is 
impossible to excite any sensation, and who yet feel the 
pressure or pinching of their muscles ; who perceive any 
blows struck on the limbs ; who have the consciousness of 
the movements these may be made to perform mechani- 
cally, and of the extent of the movements they themselves 
perform ; and who finally have a perfect consciousness of 
weight and of resistance ; in whom, in fact, voluntary con- 
tractility, with a consciousness of its use, has undergone no 
alteration — ^has suffered no diminution of power. 

Another singularity in this form of anassthesia, which 
may be complete, that is, extend over the whole body, or 
be limited to a single limb, is this ; if the loss of sensi- 
bility of the skin be superadded to that of the imder- 
lying organs, (muscles, bones, nerves,) not only the phe- 
nomena above mentioned, but others also are observed : the 
most violent blows inflicted on the muscular masses of the 
insensible limb are not felt by the patient when he is in 
the dark, or if so arranged that he does not see the blow 
struck or the mechanical movements impressed by another 
on the limb : under such circumstances when unaided by 
the sight, he remains wholly unconscious of any change. 
So also with the direct electric excitement, which, under 
such circumstances, produces no results however intense 
the inductive current may be, however violent the mus- 
cular contractions excited by it; the patient unaided by 
sight remains wholly unconscious of them. 

To this sense Monsieur Gerdy, gave the name of sen- 
sation of muscular activity/; Charles Bell called it the 
muscular sense; it is no doubt the sense of muscular 
resistance, originally discovered by Tracy ; its presence 

D 
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depends on the exercise of one faculty, the will, or the 
resulting muscular contraction following the exercise of 
the will. The resistance offered to the exercise of the 
will, may be, and always is of one character, although at 
first sight it may seem double ; but this idea arises irom 
forgetting that every muscle in contracting meets with 
resistance to that contraction. Accustomed to refer all 
resistance, weight, &c., to objects placed external to us, 
we forget for a moment that the mind is quite as con- 
scions of the weight we .raise in extending a finger or the 
resistance we feel in flexing a limb as if a weight were 
attached to the finger or limb. Duchenne draws a nice 
distinction between muscular consciousness and the sen- 
sation which follows the muscular act ; he thinks that the 
sense of sight is auxiliary to this sense, and may supply 
its place. Some curious &cts are related as to the loss of 
power over the voluntary muscles during the absence of 
the light and the recovery of this power so soon as the 
light was restored to the apartment. The whole subject 
is one of great difficulty, physiologically, but it is satis- 
factory to know in the meantime that persons so afflicted 
may be cured by the application of the electricity of induc- 
tion, localized. 

Another objection which the theorist might offer to 
the success of the therapeutic agent I now proceed to 
examine is the great variety of affections in which it has 
been recommended. Such affections obviously differ 
widely from each other ; they cannot flow fix)m the same 
cause; they cannot be remediable by the same means. 
To this it might be replied, that the affections chiefly 
treated have clearly a reference to the nervous system and 
to the system of organs, the muscles, intimately connected 



therewil^* that the analogy between common electricity 
and the nervous powet was obvious, even to the most 
careless observer, before it was finallj proved by the able 
researches of Du Bois Eeymond that an electrical current 
pervades all nerves and muscles ; that the existence of an 
aninud electricity can no longer be denied. But the best 
answer to aU these theoretical objections is imdoubtedly 
an exposition of facts ; to this I next proceed, concluding 
this part of my work with a few practical observations on 
the method of using electrical machines, in order to obtain 
from them results similar to those, and equally successful 
as rewarded the! discoverer of localized galvanism. 
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CHAPTEE IV. 



On the Mode of Applying the Varuma Forms of 

Mectridty* 

The field of inquiry opened up by the valuable rcJ* 
searches of Du Bois Beymond suggested to practical men, 
the explication, or attempted aj^lication of some of the 
laws discovered by him to medicine and surgery. The 
most successful of those who took up this line of inquiry 
and experiment was unquestionaUy, as I have silready 
observed, Duchenne. Leaving to the strictly scientific 
man the higher questions of electro-physiology, he made 
living man in a healthy and diseased condition the object 
of his especial stndy. The existence of a musctdar and 
a nervous current, and the laws regulating these having 
been demonstrated by Du Bois Beymond by means of his 
improved galvanometer ot electrometer, it remained iot 
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the medical man to apply some of the laws so discovered 
to practical ends. This was the work of Duchenne. 
When I first became acquainted with his method I felt 
convinced that had the distinguished observer availed 
himself of what was already known in anatomy, physi- 
ology, and pathology, his progress would have been much 
more rapid, and his labours would long since have assumed 
a systematic form instead of a collection of detached 
essays. On this view I have acted from the commence- 
ment, my great object being to give to localized galvanism 
a basis in science. 

It being admitted that electricity is a stimulus equal to 
the production of sensation in the nerves, contraction of 
the muscles, and vascular and nervous excitement of other 
organs, as well as chemical and thermal effects on the 
tissues, its employment for therapeutical purposes became 
warranted by theory ; the empirical practice of the ancient 
Eomans had already, to a certain extent, tested, however 
imperfectly, the value of the therapeutical agent under 
another form. By it heretofore electrical stimulation 
was general, and extended over numerous organs: now 
it can be localized and confined to a single organ, a 
single muscle, or even to a fasciculus of a muscle ; to the 
root of a nerve ; to the skin ; to a branch of a nerve, be it 
sentient or muscular ; to the deepest structures, even to the 
bones themselves. The strength of the current may also be 
modified and adapted to the pathological exigency, and 
unlike most other therapeutical agents, 'the pain caused 
ceases instantaneously with the removal of the exciting 
cause; experience further shows that its employment is 
not accompanied with this further disadvantage,*so common 
with remedial agents, a loss of power by repetition. 
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I have already alluded to the three forms under which 
electricity has been employed — the frictional, galvanic, 
and induced; the first also called static, and the two 
latter dynamic; the method by induction was the dis- 
covery of Dr. Faraday, to whose name it has given 
immortality. Prior to this discovery, Fabre Palaprat 
taught that frictional electricity (static) was best adapted 
to the treatment of paralysis of the nerves of sensation, 
and of the muscles of volition ; and galvanism (the elec- 
tricity excited by chemical action) to the irritation and 
excitement of organic muscles and delicate organs. 
These assertions have proved incorrect. The re- 
searches of Duchenne show that the different kinds of 
electricity possess pecidiar physiological and therapeutical 
properties, each of them answering to particular indica- 
tions. 

It must long ere this have been evident to the readers 
of these contributions to medical electricity, that I attach 
but little value to the use of any form of electricity, 
excepting that by localized galvanism. I shall therefi)re 
be very brief in my remarks respecting other modes of 
electrization. In static electricity the usual mode of ap- 
plication was by the electric bath, the electric spark, and 
the Leyden jar. 

1. The electric hcEbh (either electro-positive or electro- 
negative) was formerly held in high estimation ; but later 
experiments have proved it of no value. The electric 
ipark fix>m an electric machine combines with the elec- 
tricity of the body, on its surface. Pointed conductors 
allow the fluid to pass off more readily than round ones', 
but both discharge only one spark at a time, whilst a con- 
ductor with a fiat sur&ce discharges several at once : a 



^ THE LEYPEN JA»-^ 

brush of fine brass wire also allows several sparks to pass 
at the same time. 

It is only the most irritable of the superficial muscles 
which are covered with a thin layer of cellular tissue, as 
for example, the anterior border of iJie stemo-cleido- 
mastoideus and some fiicial muscles, which contract under 
the influence of the electric spark; therefore frictioiml 
electaicitj is only applicable to cases in which it is re<- 
quisite to excite a slight irritation of the skin. 

2. The Leyden jar, — The electric tension obtained by 
the discharges of the Leyden jar overcomes powerful resist- 
aaice, and effects energetic contractions of the muscles, ac- 
companied by violent shocks affecting the whole nervous 
Hystem. K a conductor be applied to the skin over a 
nerve, the sensation produced is as if the nerve were 
violently compressed, and this is succeeded by a tingling 
sensation spreading to the extreme termination of the 
nerves. When the jar is disAarged, die p<M*tion of skin 
acted upon turns pale in a few seconds, the papillas are 
raised above the surface, and the temperature of the part 
is sightly diminished. After an interval of fixwn twenty 
to forty minutes the pallid hue gives place to an erysipe- 
latous red, and the temperature perceptibly increases, thus 
indicating reaction, which appears to set in afi;er the tem- 
pca^ry suppression q£ the capillary circiJation, Duchenne 
discharged a Leyden jar upon an exposed muscle, and the 
result proved that the dlfects are precisely the same on the 
muscular tissue beneath the skin. 

This enables us to estimate the therapeutic value of the 
discharge from the Leyd^i jar, and it is evident that 
should too strong and firequent shocks be applied to an 
organ whose vitality is aln^y depressed, there would be 
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danger of its remaining in the benumbed condition without 
reaction setting in. 

However fiivourable the conditions under which the 
Leyden jar is employed, it is never advisable to apply too 
many shocks to a patient, or, in the ca^e of a paralysed 
limb, to electrify each individual muscle. • The discharge 
always produces pain, as the unavoidable irritation of the 
skin increases with the increase of electric tension required 
to reach a deepHseafed muscle. 

Static electricity was formerly much employed, and 
effected some remarkable cures ; but this goes no further 
than to prove that some forms of paralysis yield to the 
influence of the electric current in whatever way it is 
applied. 

I shall proceed to the consideration of the far superior 
mode of exciting muscular contraction which we now 
possess in dynamic electricity. Electricity excited by am- 
tact and ind/uction is essentially different in its effects from 
static electricity : the strength of the current may be in- 
creased or diminished at pleasure; it may be conducted 
and confined to single organs without exciting the siur- 
rounding parts ; its influence may be restricted to the 
skin, or we may cause it to pass to parts beneath the 
surfece and the most powerfiil contractions may be pro- 
duced by it in a muscle or jierve without those severe 
shocks which, in many cases, would contra-indiqate the 
application of static electricity. These peculiar properties 
render dynamic electricity of great value as a therapeutic 
agent. 

The electricity which is excited by contact, and that 
which is excited by induction, are combined under the 
name of Dynamic Electricity ; but as these kindi^ . essen* 
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tiallj differ from each other it is necessary to consider 
them separately. 

3. Galvanic Electricity. Whatever may be the means 
employed for obtaining the electric fluid, it always produces 
the same effect upon the human body, provided the current 
is of equal quantity and intensity. The quantity of elec- 
tricity obtained depends upon the size of the plates which 
are used and the intensity upon the number employed, so 
that, according as we connect the cells of a battery, we 
have either quantity or intensity of the electric fluid. 
Oalvanic electricity can be applied either as a continuous 
or as an intermittent current. The c(mtimjum% current is 
scarcely felt, except at the moment of making or breaking 
contact, yet it produces erythema and cuticular disorganisa- 
tion, the rapidity with which the latter proceeds depending 
upon the strength of the current. Its effect upon the 
muscles is to cause them to contract but slightly, even 
when the current is of high intensity : a feeling of great 
warmth is at the same time diffused throughout the part. 

The intermitting current has three distinct effects : the 
first on making contact, the second whilst the circuit is 
closed, and the third on breaking contact. The muscle 
acted upon contracts strongly on establishing contact ; it 
remains motionless whilst the circuit is complete, and 
again contracts, though much more feebly, on breaking 
contact, whilst the feeling of warmth increases in intensity 
with the duration of the current. The intermitting cur- 
rent causes a painful sensation in the skin, but does not, 
like the continuous current, produce decompositicm, except 
between its entrance and exit, when, as it is impossible 
to prevent decomposition taking place in a greater or less 
degreCj it cannot be employed for the excitation of the skin. 



EFFECT OF GALVANIC CURRENTS. 41 

The effect of galvanic currents upon nerves of special 
sense is to bring into play the special actions appertaining 
to each of these nerves. If 'an intermitting current is 
applied over the fifth pair of nerves, the eyes being closed, 
flashes of light will be seen/ and unless especial caution 
is observed, paralysis of the retina may ensue. 

The light seen, whether the current be continuous or 
intermittent, is coloured ; if the positive pole is placed on 
the closed eyelid an intense blue light is perceived ; if the 
negative, a yellowish red light. Galvanism should there- 
fore be appUed with great care to the eyes, as the light 
may be so dazzling as to injure the sight if the applica- 
tion be continued too long, the intermissions too rapid, or 
the current too strong. At the same time, a skilfully- 
conducted application has great therapeutical advantages 
in nervous diseases of the eye. It is not advisable, for 
many reasons, to employ intermitting galvanic currents 
for the excitement of muscular currents in the treatment 
of paralysis. In these cases nutrition and sensation are 
diminished, and, C(msequently, powerfiil batteries are re- 
quired to produce sufficient power to cause them to con- 
tract ; but then we have to contend with the dangers which 
arise fix)m the heating power of the batteries. The cumber- 
some apparatus required, the acids which are necessary, 
and the gases which are generated, render the employment 
of galvanic batteries difficult in practice. 

The thermal effects of the continuous galvanic current 
have been of late much used in surgery for the extirpation 
of tumours,* solution of calouli,t the coagulation of the 

♦ Die Galvano-caustik. A. T. Middeldorpf, Breslau, 1854. 

t PreTost et Dumas, Annales de Ghimie, &c. 1823. Melicher, Die 
Effekte des Galyanismus auf Harnsteine, 1848. Froriep'a Notizen» 
1848. 
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blood in aneurisms,* in fractures, iilcers,t and for the 
extraction of various minerals from the body. 

4. Induced Eleetricity. This is obtained by sliding a 
battery current through a circular coil of insulated copper 
wire with a hollow axis, in which a bundle of iron wires is 
placed, and over this is wound another coil of thin copper 
wire also insulated. The current traversing the thicker 
coil is called the primary or inducing current, and by it is 
excited in the thinner coil the secondary or induced 
current. 

Dr. Duchenne was the first to demonstrate that each of 
these currents possesses peculiar physiological properties. 
The primary current exerts a specific influence on the 
contractibility of the muscles, and the secoTvdary on the 
sensibility of the skin and nerves ; the latter also excites 
the retina more powerfully than the primary when applied 
by mejyas of wet conductors to the fece or eyeball. 

Induced electricity is the only therapeutical agent 
which is capable, without destroying the skin, of pro- 
ducing immediate and intense irritation of that enveloping 
membrane, which ceases with the breaking of contact, 
leaving no trace behind. Its value therefore is obvious in 
cases of loss of sensation, neuralgia, rheumatic pains, whilst 
the chemical action is so slight as not to be worth a con- 
sideration. 

Induced electricity is particularly indicated in cases in 
which it is necessary to. excite contraction of the muscles 
as in paralysis, and this effect can be produced without 
causing pain when the application is properly conducted. 

* Giniselli, Gkiz. Med. di Milano, 1846. 

t Spencer Wells, Bemerkungen iiber Heilwirkungen des Galvanis- 
muSi&c. Oppenheim's Zeitschrift, 1849, and Medical Times, July, 1853. 
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Very strong currents are required in the treatment of 
many muscular affections, and these can be obtained by 
no other means. 

The conductor must be a straight, unyielding metallic 
substance pf different mea ; the ends covered with sponge 
or leather, and before being used, moistened with hot 
water. , The conductors must be applied with a firm 
pressure; this decreases the sensation in the skin, and 
allows the current to pass to the deq)er-seated structures. 
The limb should be kept fixed in one position to prevent 
the skin being moved when the conductor is applied; 
this in thin persons is very apt to occur, in which case 
the motor nerve escapes and no effect is produced. The 
positive pole should be applied to the motor nerve and 
the negative conductor, which should present a larger 
surfiice to some other part to complete the circuit. 



CHAPTER V. 



Electro-Magnetic Machines. 

In the employment of local galvanization the choice of 
a good machine is of the greatest importance. It should 
be so constructed that the primary and secondary current 
may be applied at pleasure according as it is requisite to 
act upon the ;nuscles or nerves, and that the intermissions 
may be regulated with a view to the different physiological 
effects which, are produced by their being quick or slow. 
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Effect of rapid Intermisaions on Muscular Contractihility, 

A muscle excited by a single intermission of an in- 
duced current contracts and relaxes again immediately. 
If these intermissions follow in rapid succession, corre- 
sponding muscular contractions take place, and the quicker 
the intermissions succeed each other, the less the muscle 
relaxes in the interval 

We must not conclude that a rapidly intermitting current 
causes more powerful contraction of a muscle than a slower 
one. 

If we cause a paralysed muscle (whose irritability is 
normal), for instance, the M. flexor commimis digitorum 
to contract alternately with quick and slow intermissions, 
hanging weights at the same time to the fingers acted on 
by this muscle, we shall find that a rapidly intermittent 
current does not enable the muscle to raise a heavy weight 
so readily as one which intermits slowly. The vibrations ' 
produced by the intermissions of the current diminish in 
proportion to the rapidity with which these intermissions 
succeed each other ; when they follow very quickly the 
contractions are continuous as if they were produced 
voluntarily, and this peculiarity fiimishes us with a 
means of studying the actions of individual muscles. 
When the shocks are less firequent the motions are more 
tremulous. 

In addition to these laws the following corollaries may 
also be laid down and accepted in the present state of our 
knowledge. 
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1. The muBCular sensibUity is more strongly influenced 
by rapid intermissions than by slow ones; and it may be 
excited to a degree which is acutely painful. 

2.. The tonicity of. the rmiscles is increased by rapid 
intermissions, whether they are in a normal condition or 
not ; a muscle in a pathological condition may be developed 
more rapidly by quickly succeeding shocks than by slower 
ones, as is seen in cases of atrophy. 

3. The electro-cvtamous sensibility is much more pain- 
fully excited by rapid intermissions than by slow ones. 

4. By reason of the recent improvements in electrical 
machines we can act more or less energetically upon the 
muscular contractibility or sensibility ; for although every 
electrical excitement of a muscle produces both sensation 
and contraction, the current may be so regulated as to 
diminish the contraction or increase the sensation, or 
vice versa at pleasure. 

5. In the galvanization of delicate organs in sensitive 
patients it is advisable to operate with slow intermissions. 

6. The treatment of hysterical anaesthesia generally 
requires very powerful currents. 
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PART THE THIRD. 



CHAPTEE L 



We have been thus as it w€$re insensibly led (such is th^ 
history of all hunmn progress) from the dawn of electric 
science in the experiments of Franklin to the improved 
galvanometer of Du Bois Baymond, and from the employ- 
ment of the first electric machine in medicine, the living 
torpedo, to the admirably finished workmanship of modem 
times. Let ns now examine carefully the results of these 
improvements in the science, pore and applied, physiolo^ 
gical and pathological, and test their value by an exposition 
of fiicts. One step fiirther we shall find was required 
to be taken to render the new therapeutical agent of value 
in medicine. What that step was my readers may probably 
have already anticipated. The application of the method 
was to man himself, and it must be evident that its 
application to be successful must be made in accordance 
with the known facts of himian anatomy and physiology. 
If it proved antagonistic of these one of two things fol- 
lowed, either the received anatomy and physiology were 
false and incorrect, or the agent acted agreeably to laws 
not yet ascertained, and therefore empirically, as looked 
on fix)m a scientific point of view. The truth, I believe 
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lies between these two points. The descriptiYe anatomj was 
not at &ult, but some of the physiological and pathological 
views were; the full powers of the agent are not even 
now brought out nor all its laws established. It is a 
curious fact, and one which must have had its weight 
with Duchenne, sustaining him throughout his elaborate 
inquiries, that nearly all the persons who first employed 
electricity for medical purposes were unacquainted with 
anatomy; the remark, to a certain extent, applied to 
himself. On the other hand, the inventor of the method 
of localized galvanism was so convinced that nothing 
remained to be discovered in the physiology of the muscles 
as regarded their mechanical uses, that he was seized with 
the utmost surprise and pleasure on discovering, at the 
very outset of his inquiries, that the action of the muscles 
of the fore^arm and hand were not understood by modem 
physiologists. This fact he mentions with all the naivete 
and sincerity of his character. I have now to view the 
question practically, and the first consideration which 
presents itself is, the position of the art itself. For sixteen 
years it has been my favourite puisoit, and its improve* 
ment and application ever present to my mind. Who- 
ever has, I think, as I have done, followed with attention 
the progress of medical electricity for the period I allude 
to, will come to the conclusion that this therapeutic agent 
occupies a position wholly distinct from what it did but a 
few years ago. At that time there were in fact no fixed 
principles, and the practice was not only in the hands of 
empirics, but was in reality entirely empirical. It is 
right to notice here, that Duchenne's researches were first 
and last, wholly, if not entirely, physiological and thera- 
peutical ; he admits tiiat he has never himself made any 
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anatomical* investigations to verify any of the fiicts he 
brings forward; and as the labours of anatomists have 
very generally been directed to other views, so that the 
precise anatomical relations of the motor nerves to the 
muscles they supply have either been overlooked or in- 
cluded in the description of branches obviously of a mixed 
character, it seemed to me that a careful analysis of these 
was a deficiency which ought to be supplied. The local 
stimulation of the muscles by localized galvanism being 
the most important feature in the modem application of 
the art, I shall commence with this set of organs. 

1. Localized Qalvarmm. 

Local or localized galvanism, whether derived^ from a 
metallic or magnetic source, consists in restricting the 
electric current so obtained, as much as possible to the 
external integuments or skin, to the individual nerves or 
their branches, to a single muscle or to a single fasciculus 
of a muscle, or to an internal organ, without any lesion 
of the skin, and without any of those shocks or effects, 
which in so many cases of disease rendered the forms of 
electrization formerly in use wholly unavailing in the 
treatment of disease, or at the least highly objectionable. 
By its means the conductor being applied over a motor 
nerve, all the muscles which that nerve supplies are made 
to contract, provided the electric contractility be present 
in the muscle ; if to a branch supplying a single muscle, 
that muscle will act alone independent of the group with 
which it is naturally associated. The successful appli- 
cation of localized galvanism is an art not to be readily 

* JTaTone n'avoir fait ai;iomie recherche anatomique ma le cadavre 
|ioar tildfler ced fidt^ p. 46. 
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acquired, and indeed can only be so by an extended ex- 
perience and mucli practice ; the motor branches of the 
nerves, on a knowledge of whose distribution and locality 
depends much of the art, are not so. readily to be found as 
the main trunks, nor do anatomical works furnish the 
requisite infonnation on this point. By experiments on 
the living body we find them out, and thus create a 
kind of surgical anatomy of the nerves, a regional anatomy, 
as some may call it, similar to that which surgical ana- 
tomists have performed for the arteries. 

This is not the place to discuss the difficult questions 
as to the nature of the electrical currents which pervade 
the muscles and nerves of living animals; or in what 
these currents resemble or differ from the electricity 
developed by certain living animals, as the torpedo, the 
gymnotus, and the silurus; nor what these currents 
have to do with the phenomena of life, of muscular con- 
tractility, sensibility, and nutrition. We know, at least, 
that such currents exist; Nobili discovered the frog-' 
current, as I have remarked in a preceding chapter, in 
1827, but he ascribed it to a thermo-electric origin. 
Matteucci showed, but especially Du Boi» Eeymond that 
this, as well as the theory of its electro-chemical origin, 
was erroneous. We know not, indeed, what it is nor 
what are its functions, but we have seen the existence of 
such currents now ftiUy proved by Du Bois Eeymond. 

But the experiments to which I now direct your atten- 
tion are, in a sense, much more important than any of 
these; they relate to the influence which electricity, 
however developed, exercises over the nerves and muscles 
of man when applied to them from without, and chiefly to 
the power which the electricity of induction has in develop- 
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ing sensation and muscular contractility when piesent, or 
of proving their absence as a negative result. 

By means of the localized galvanic current we are 
enabled to irritate the smallest nerve, and to excite its 
specific action without affecting the cutaneous nerves; 
that is, without causing reflex action or acute pain. 
Duchenne thinks it possible to produce muscular con* 
traction independent of nervous influence ; but I feel dis- 
posed to agree with Bemak,* that, in the direct muscular 
galvanization it is only a question of irritating the motor 
nervous fibres, and thus I consider the terms he employs 
of intra-muscular and extra-muscular irritation of the 
motor. nerves as being more correct than those employed 
hj Duchenne. According to this authw:, muscular gal- 
vanization is either direct or indirect: the first causes 
contraction of the muscle by exciting the contractibility 
of any nervous influence ; the second causes muscular 
contraction by exciting the larger motor nerves. I prefer 
the views of Remak. To him also belongs the merit of 
. pointing out certain obscurities in Duchenne's work, and 
of basing extra-muscular irritation on scientific principles. 
He believed that extra-muscular contraction can be in- 
duced in all the superficial muscles; but, as some are 
supplied with nerves from the under or deeper sm-face, 
we can, in most cases, rely only on intra-muscular irrita- 
tion. 

2. G-eneral IHstrilmtion of the Nervous System, 

It is through the agency of the nervous system, and 
chiefly through the nerves themselves, that electricity 

* Ueber methodisclie Electrisirung gelahmter Muakeln. Berlin, 
1S56. ^ 
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under all its forms is supposed to act on the body. That 
nervous system may, for practical purposes, be divided 
into, 1st, a cerebronspinal axis; 2ndly, nerves of sensation 
and of motion, whose peripheral terminations are in the 
organs of the body, and whose central terminations, or 
origins as they are usually called, may be traced to the 
cerebro-spinal axis itself; lastly, a system of nerves and. 
ganglions of obscure functions, called the sympathetic 
system of nerves. Of the nerves which may be traced 
to or from the cerebro-spinal axis some appear as single, 
others compound, or double, or mixed ; of the single, 
some are obviously nerves of pure sensation, as the olfiictoiy 
and optic; others purely motor, or esteemed so, as the 
third or motores oculorum; the fourth, or patheticus; 
the ninth pair of Willis, or twelfth pair of Soemmering, 
called also the lingual or great hypoglossal. On the other 
hand, by far the greater nimiber of nerves assume the 
form of mixed or compound nerves, that is, having double 
roots, of which one may be called the motor and the other 
the sentient. K we examine, for example, the spinal 
nerves, commencing with the last and tracing them to the 
highest or first, the sub-occipital pair of nerves of descrip- 
tive anatomists, we sRall find one uniform system or mode 
prevailing as to the origin and termination of these nerves. 
They commence by double roots, an anterior proved by 
physiological experiments to be the nerve of motion, and 
a posterior determined in a similar manner to be the nerve 
or nerves of sensation : after a short course a ganglion is 
found on the posterior or sentient root, through which the 
nervous filaments pass to resume their course immediately 
and uninterruptedly ; the anterior or motor roots in the 
mean time pass over this gangHon, but soon join the 
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nervous filaments of the posterior roots, to form with themi 
a mixed nerve, in which the respective functions of the 
filaments can no longer be recognised by mere inspection. 
And now, if the filaments composing this mixed nerve 
be traced towards their peripheral termination, that is to 
the organs or tissues of the body, it will be found that the« 
great distribution of such nerves is to the common integu- 
ments of the body and to the masses of muscles usually 
called voluntary, that is, muscles which we can call into 
action through the will, and of whose action, when so 
excited, we are conscious. Amongst these,' however, must 
be included many other muscles, continually acting, with- 
out our consciousness, and over which our will has but a 
limited power ; such as the diaphragm, the intercostales, 
and the abdominales muscles. These act night and day 
without our consciousness, and have a rhythm or order 
of succession almost as regular as the heart itself. 

If we now pass from the spinal column to the head, or, 
as anatomists would say, from the cervical vertebrae to the 
cephalic, we shall, in addition to the single nerves already 
alluded to, find others which are clearly mixed nerves, 
that is, pairs of nerves composed of sentient and motor 
roots. The first we meet with, prcfceeding from behind 
forwards, is the so-called eighth pair of Willis, the ninth, 
tenth, and eleventh of the arrangement of Soemmering : 
of this pair it may be said that the portion called vagus 
with the spinal accessory constitute a pair of mixed nerves, 
the vagus representing the sentient portion, the spinal 
accessory the motor; 2nd, the glosso-pharyngeal nerve 
is more doubtfiil — it clearly has a ganglion on it, and its 
peripheral terminating filaments are no doubt mostly sen- 
tient, but motor filaments seem to be wrapt up with them. 
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Still proceeding forwards we find the seventh pair, of 
which the auditory represents the sentient, and the portio- 
dura or facial the motor portion. Lastly, the fifth, than 
which there can be no more complete specimen of a double 
or mixed pair of nerves. Palletta,* who first described its 
true anatomy, remained contented with describing, as an 
anatomist merely, the course of the motor and sentient 
filaments ; had he but stated their fimctions, wliich actu- 
ally lay before him, he would have anticipated and cut 
short all the unpleasant disputes and discussions on the 
fimctions of the roots of the nerves, which cannot, even 
now, be said to have altogether terminated. 

From the time that the motor and sentient filaments 
have become mixed the anatomist is no longer equal to 
determine by mere inspection which is sentient, which 
motor ; there remains, in fact, to the anatomist but one 
mode of doing so, that is, the tracing the nerve or filament 
to its peripheral termination ; and even this does not 
absolutely determine the function of the filament so traced. 
The physiologist, armed with inductive electricity, seems 
to me to proceed on much surer groimds : he projects 
through the doubtfiil nervous filament an electric current, 
and observes the results. Sensation or motion detcotnine 
then the character of the filament whose functions are 
in question. 

Let us proceed then by this method in th^ first place, to 
determine the functions of most of the motor nerves in 
direct connection with the cerebro-spinal axis. The locali- 
zation of electricity enables us at last to place this great 
question in a new point of view. 

• De Nervifl, &c., Lipsiae, 1791. 
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CHAPTER II. 

Remits of Phymhgical Eopperiments made by means of 
the Inductive localized electricity chiefly m living 
m^(m. 

The basis of the experiments is this:— 

1. Place two dry conductors on the dry skin, and the 
electric currents will be neutralized on the sur&ce of the 
common integument, whilst sparks, attended by a peculiar 
crackling noise, are produced without any physiological 
result. 

2. Place a wet and a dry conductor on the skin, and it 
will be foimd that a superficial irritation of the skin takes 
place beneath the dry conductor. The positive and negar- 
tive currents neutralize each other at the dry point, after 
having passed through the skin by means of the wet con- 
ductor. 

3. Place on a thick part of the skin, which has been 
previously moistened, a dry metallic conductor — a stronger 
superficial irritation will be produced, but unaccompanied 
by sparks or crackling. The currents in this case are 
neutralized in the substance of the skin. 

4. Place on the moistened skin two wet conductors ; we 
shall then have neither sparks, crackling, nor sensation of 
heat, but only contraction and sensation, which vary 
according as we act upon muscle, nerve, oft bone. In the 
last case very severe pain is felt. 

These experiments prove that electric currents can be 
arbitrarily directed to the skin, or parts beneath. It only 
remains to be demonstrated that the sparks, crackling, and 
the burning sensation which attend the use of dry con- 
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ductors are alone consequetit on the imtation of the ddn, 
and, that the contraction and sensation caused by the use 
of very wet conductors are to be attributed to the direct 
excit^nent of the nerves and muscles. This Duehenne 
has proved by the following experiments : — 

A part of the crureus muscle in a man happened to be 
laid bare ; Duehenne applied to this exposed part a dry 
metallic conductor, upon which it contracted, and a dull 
peculiar sensation was experienced. He then placed the 
same conductors on the skin over this muscle, a burning 
sensation was felt, but there was no muscular contraction ; 
in the next place he attached wet sponges to the con-* 
ductors, and on applying them to the skin contraction of 
the muscle beneath took place, attended by the same dull 
peculiar feeling which was produced by their application 
to the naked muscle. In another individual the radial 
nerve at the lower half of the fi^re-arm was destroyed, as 
also the power of electric contraction and the sensibility of 
the muscles at the back of the fore-arm, whilst the sensi- 
bility of the skin remained, as the cutaneous nerves were 
uninjured. Dry metallic conductors placed on the skin at 
the back and front of the fore-arm produced a burning 
8ensatic»i throughout the limb; the wetted conductor 
applied to the back of the arm had no effect whatever, 
but when placed on the fore part where the nerve was 
uninjured, muscular contraction^ with the usual accompany* 
ing sensations, was produced. Duehenne is further of 
opinion that the electric irritation of a muscle produces 
only its individual contraction without affecting other 
muscles, and that, consequopitly, no reflex action of the 
spinal marrow takes places. In proof of this he instituted 
the following experiments :-^ 
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1. The facial nerve of one side of a rabbit was divided, 
so that the muscles supplied by it were no longer in con- 
nection with the spinal cord. The muscles of both sides of 
the &ce'were then alternately subjected to the electric 
stimulus, and contracted equally on both sides. 

2. The brain of the same animal was destroyed, to put 
the spinal marrow in the most &vourable condition for the 
production of reflex movements. The separate muscles 
were again excited, and contracted equally on both sides. 
The same experiment was tried on the muscles of the lower 
extremities after division of the ischiatic nerve and with 
the same result 

• 3. Duchenne showed that there was no perceptible 
difference in the way in which the muscles of a healthy 
limb or of one which had lost its sensibility, would answer 
to the local irritation of galvanism ; each would contract 
individually, and that, in cases of cerebral hemiplegia, the 
same influence would produce isolated contractions equally 
on both sides. We shall now consider the proper method 
to be observed in the local application of electricity. 

2. Cutcmeom Galvanwm. 

As the skin of different parts of the body possesses 
different degrees of electrical sensibility,* it. is indispen- 
sable that cutaneous galvanization should be adapted to 
these conditions by various modes of application ; we 
therefore use the hand, the conductor, and the wire brush. 

The method of applying the current by the hand is as 
follows : A wet conductor is placed on some least sensitive 
port of the body of the patient, and another is held by the 

* Ed. Weber, Qnaestioiies Physiologicae de Phaenomenis Galvano- 
magneticis in coipore Hmnano observatis. Lipsiae, 1836. 
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operator, wHo, with the back of the free hand, gently rubs 
the affected part. The only feeling produced is a slight 
pricking in the most sensitive part, which is attended by 
a crackling noise. 

In using the conductor we moisten such parts of- the 
skin as are thick and dry, and rapidly pass it over the 
affected parts. When the conductor is slowly moved, a 
severe burning pain is induced. K it is required to act as 
a strong counter-irritant, the conductor must be held to the 
spot, the wire brush is either kept pressed firmly on the 
skin, and kept there a short time, or we lightly strike 
with it the affected part. When it has been applied for 
a few minutes, the skin around becomes erythematous, 
and a vesicular eruption is produced. This is a most 
powerfrd application, producing the effect of the actual 
cautery, without injuring the tissues beneath^ and the 
pain subsides as soon as the brush is removed. 

It is important to discriminate which portions of the 
skin are most sensible to the electric influence. 

In the normal state, the skin of the face, especially in 
the mesial line, possesses the greatest sensibility ; the eye- 
lids, nose, and chin, are more sensitive than the cheeks ; 
the forehead and head the most sensitive. The skin of 
the neck and trunk is more readily irritated than that of 
the extremities, and that of the inner and anterior sur&ce 
of the limbs than the outer and posterior part. The skin 
of the hand is not very sensitive, nor yet the sole of the 
foot, except at its middle and inner side. The cutaneous 
nerves are not very sensitive when a wet conductor is 
applied to them, except when their terminal branches are 
affected; for example, the external saphenous nerve is 
only sensitive behind the malleolus, and when touched by 
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the conductor at that point, a creei^iliigy pricking aensatioii 
18 felt on the upper part of the foot, 

3. Muscular Galvanization, 

It has been abeady shown, that if wet conductors are 
placed on the skin, the electric current passes through and 
excites the parts beneath, producing contraction of the 
muscle. We maj cause a muscle to contract either bj 
irritating the nerves which supply it, or b j acting directly 
upon the muscle itself. The first method is called extra^ 
muscular galvanization, and produces movonents in whole 
groups of muscles ; the second, intra-mu6cular galvaniza- 
tion, causes only single muscles to contract. A correct 
iaiowledge of anatomy is indispensable, for the successful 
appUcation of either method, especially when acting on 
the deepernseated muscles. 

To the muscles of the trunk which have a broad surface^ 
we apply large wet conductors, and smaller ones to those 
which present a small surface as the interossei, for which 
as well as for exciting the nerves, we also use conductors 
of a conical form covered with wet wash-leather; the 
ccMiductor must be placed on the bdly of a muscle not on 
the tendon, as the irritation of the latter produces no mus- 
cular contraction. 

The thicker the muscle the more powerful Is the 
current required ; as it is only the superficial fibres which 
contract under the influence of a weak current, whilst a 
powerful one deeply penetrates its structure. In satuniine 
paralysis, for example, certain superficial muscles at the 
back of the fore-arm are atrophied and do not contract on 
being galvanized ; a powerful current is therefore necessary 
to pass through these palsied muscles, in order to produce 
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contraction in those which lie beneath. Strong currents 
are also necessary to reach the muscles in very stout 
persons. Galvanization of the muscles of the &ce is diffi* 
cult on account of the numerous nervous ramifications, to 
avoid interfering with which it is necessary to use very 
small conductors. 



CHAPTER m. 

1. Excitement hy localized Qalvanism of the Nerves and 

Muscles. G^enerdl Remarks. 

The galvanization of a muscle or nerve produces, in its 
normal state, contraction and sensation. Fleurens called 
the power — which a nerve artificially excited, possesses of 
producing muscular contraction — the motricity* of the 
nerves. The power in the muscles themselves of con- 
tracting under the direct influence of electrical excite- 
ment, is called by Duchenne, the electro-muscular con- 
tractibility, and he has given the name of eleetro-rmiscular 
sensibility to the recognition of that peculiar sensation 
which we have described as attending contraction. 

Every organ, muscle, and nerve, has a fixed amount of 
electrical contractibility and sensibility. The motricity 
of the branches of the external thoracic or external respi- 
ratory nerve, is so great, that the slightest electrical 
irritation produces contraction in the muscles supplied 
by them. 

The electro-muscular sensibility of the face is very 
considerable, dependent, no doubt, on the ramifications of 

* Motricity 
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the fifth pair of nerves, and it is necessary in galvanizing 
the facial muscles carefully to avoid the infra-orbital and 
mental nerves, as otherwise intense pain in the teeth and 
orbits would be produced. The frontal muscle is very 
sensitive ; then follow in order, according to their relative 
amount of sensibility, the levator anguli oris, levator 
labii superioris alaeque nasi, depressor labii inferioris, 
levator labii inferioris, orbicularis oris, depressor anguli 
oris. The zygomaticus major and minor, masseter, and 
buccinator are not so sensitive. 

In the neck, the platysma myoides, the clavicular 
portion of the stemo-cleido-mastoideus, the upper part of 
the dorsal portion of the trapezius muscles are very 
sensitive. 

The pectoralis major and the infra spinatus muscles 
are more sensitive than the muscles of the back and abdo- 
men which are not veiy readily excited. 

The deltoid and muscles of the fore-arm are moderately 
sensitive, those at the firont of the fore-arm, more so than 
those at the back. 

The glutei and the tensor vaginae femoris are veiy sen- 
sitive in comparison with the other muscles of the thigh, 
and those on the inner side of the thigh are more sensitive 
than those on the outer. 

The electro-muscular sensibility of the leg is greater at 
the back than on the front and outer side. 

The brief analysiis just made of some of the leading 
phenomena and of the practical suggestions arising from 
the extended experience of Duchenne and of myself, might 
suffice to place before practical men the rules to be ob- 
served and the caution requisite for the successful practice 
of electricity ; but I feel assured that a further extension 
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of the analysis, so as to embrace a larger amount of 
practical details, will be acceptable to those who may not 
have made the application of electricity their peculiar 
study. In proof of the correctness of this view, I may men- 
tion, that whilst pursuing his inquiries into the nature 
of galvanization, and indeed at the very commencement 
of the inquiry, Duchenne discovered the singular fact 
that the functions of certain muscles, and especially 
those of the hand, were not well understood. Thi^ 
led to a series of electro-physiological experiments on 
Uving man, the results of wHch I propose giving in the 
remaining portion of this part of my work. They are 
interesting in the highest degree, and the facts dis- 
covered by Duchenne and others* are found to react on 
the pathology of these organs and to give rise to valuable 
suggestions in the cure of many diseases. It was natural 
for Duchenne to describe the facts and experiments in the 
order in which they occurred to him. His first discoveries 
were made on the functions of the muscles of the hand ; 
then followed those which move the arm or the shoulder ; 
his third inquiry relates to the functions of the diaphragm ; 
the fourth to the functions of the muscles of the face ; the 
fifth to the influence of the electro-muscular contractility 
and the muscular sensibility over voluntary movements; 
the last to the uses of the corda tympani. With the 
utmost candour he admits that he has not yet studied the 
functions of the intercostal muscles, of the sacro-spinal, of 
the muscles of the abdomen, and of those of the lower 
extremities ; that he might indeed publish a history of 
their electro-physiology, but proceeding on the idea that 

* M. Meyer, Die Electricitat in ihrer Anwendting auf practische 
Medicin. Berlin, 1854. 
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electro-physiology alone teaches us nothing of the true 
history of the muscular system, he has purposely delayed 
to a future time the publication of the results he has 
already obtained. The arrangement I shall follow in thi9 
inquiry will simply be an anatomical one, commencing 
with the nerves of the head and trunk, and terminating 
with those proceeding to the extremities; the inquiry 
into the functions of the muscles will necessarily follow 
the same order. 

2. Nerves of Motion. 

I have now to call your attention to the action of elec- 
tricity over the nerves of motion and of muscular sen- 
sibility ; the nerves, in fact, which obey the commands of 
the will; which fiirther, when acted on by electricity, 
excite ccmtractions in the muscles, and which, moreover, 
in a manner unknown to us at present, are intimately 
associated with the nutrition* of the organs they supply 
with that mysterious influence called nerve-force. 

1. The facial nerve, called also the portio-dura of the 
seventh pair, is easiest reached by the operator at the point 
of its emergence from the foramen stylo-mastoideum or 
aquaeductus Fallopii, between the mastoid process of the 
temporal bone and the condyle of the lower jaw-bone, in 
the hollow, immediately below the external ear. The 
trunk cannot be reached whilst deeply buried in the 
parotid gland through which it passes, but many of its 
branches may be excited by electricity. Of these, I may 
mention the posterior auricidar, (which, when excited 
causes great pain), and a branch to the stylo-hyoid, and 
posterior belly of the digastric. The motor points b}^ 

V 
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whicli to act on these may be determined on any anatomical 
engraving, and the experimenter would do well to note 
the points on an anatomical figure or drawing kept always 
before him; by keeping before him such a reference, 
many minute anatomical details may here be dispensed 
withi By this means I shall also avoid nimierous tedious 
details, and thus be enabled to place before the reader 
more prominently most of the important conclusions which 
have hitherto flowed from the modem practice of localized 
galvanism. 

The general distribution of the facial nerves to the 
muscles of the face, or as they are sometimes called, the 
muscles of expression, must be well known to all ana- 
tomists. They supply, in fact, branches to nearly all 
these muscles, commencing with the occipito-fcontalis 
and extending quite to the base of the lower jaw. 
Certain of these muscles may be excited to contraction 
independent of others, but difficulties occur here owing to 
the. complication of these muscles, their mutual con- 
nexions, and sometimes the minuteness of the nervous 
twigs themselves. Many of these muscles overlap each 
other and also conceal the nerves, and when this happens 
isolated contraction cannot well be effected. The great 
sensibility of the integuments is also to be taken into 
account, and it is scarcely necessary to remind the surgeon, 
that the points where the three great terminal divisions 
of the fifth pair appear on the surface ought generally to 
be carefully avoided if possible. These points are readily 
determined, for a probe placed so as to descend perpen- 
dicularly from the supra-orbital notch of the frontal bone 
to the base of the jaw ¥rill be ibund to intersect the 
three. 
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The Imccal nerves will be found at the inner border of 
the masseter muscle and the nerve supplying the depressor 
anguli oris, near the outer margin of the muscle it sup- 
plies. The facial sends twigs to the platysma myoides 
from its lower division, called cervico-maxillary, but it 
also receives branches from the nervus communicans faciei, 
and generally from the anterior branches of the cervical 
plexus, so that we are compelled to call the negative pole 
to our assistance to obtain a perfect contraction of this 
muscle. 

Excitation of these anterior cervical branches, at a 
point corresponding to the middle of the stemo-mastoid 
muscle, is sufficient to show the action of the platysma — 
a muscle whose functions have not as yet been fully 
determined. 

To excite the orbicularis oris, several conductors must 
be applied. 

, The temporal and masseter muscles can only be excited 
feebly by intra-muscular irritation, in consequence of the 
point of entrance of the motor nerves to these muscles 
being deep and inaccessible. The branches supplying 
them belong to the motor portion of the fifth pair of 
nerves, the branch or ^rtion so carefully described by 
Palletta. These motor branches lie very deep ; they 
supply the temporal, masseter, pterygoid, and buccinator 
muscles, and are no doubt intimately united by sym- 
pathies with the sentient nerves of the third division of 
the fifth pair, of which it forms a portion. It is fix)m the 
sentient part of this division that the gustatory nerve 
proceeds; nevertheless, the temporal may be acted on 
by applying the positive conductor to the posterior, the 
negative to the anterior border of the muscle, thus oorre- 
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spending to a certain extent to the course of the deep 
temporal nerves supplied by the third division of the 
fifth. To excite the masseter muscle, the conductors 
may be applied over the incisure, separating the coronoid 
from the condyloid process, at which point the nerve 
enters the muscle, 

Intra-muscular excitation is shown by a powerful closing 
or snapping of the lower jaw, when the mouth has been 
previously opened — a result perfectly identical with that 
experiment on living animals wherein the brain, being 
exposed, the motor root of the fifth pair is touched with 
the point of a needle. Thus does electro-physiology 
already prove a substitute for the cruel experiments by 
vivisection, which commenced with Gralen, but did not 
terminate with Majendie. 

The spinal accessory o{WiY^ may be readily reached 
in the latter part of its course. Press the conductor a 
little beneath the margin of the stemo-mastoid muscle, 
and the excitement will act on that muscle and on the 
trapezius. Its action on the trapezius will be rendered 
more perfect by placing the negative conductor on the 
cervical branch, which enters the muscle. 

The ^eat hypoglossal^ or lingual nerve, may be reached 
at a point a very little above the great horn of the hyoid 
bones, in front of the hyo-glossus muscle. 

The branch from the fourth cervical to the levator 
anguli scapulae will be foimd immediately under the spinal 
accessory, at the point indicated above : a very fine con- 
ductor must be used. 

Near to this point, also, the dorsalis scapulae nerve may 
be reached ; and, through it, the rhomboidei and serratus 
posticus muscle may be powerfully acted on. 
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, The phrenic nerves, whose position on the scalenus 
anticus muscle is so well known to surgical anatomists in 
consequence of their dangerous proximity to the subclavian 
artery, on which they may be preparing to place a liga- 
ture, may readily be'reached by a conductor placed on 
the outer border of the stemo-mastoid muscle. 
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CHAPTER L 

Th^ MectnhPhymlogy of the Nerves cmd Mmde^^^ 

Continued. 

1. Close to the anterior border of the trapeziua muscle, 
immediately above the clavidey and soon afiter their 
emergence from the scalenus medius (called by some 
posticus) muBole, the Icmg thoraeic nerves may readily be 
reached by the electrician, and on the spot just indicated 
being touched by the conductor, the muscles they supply 
will be brought immediately into action. When the 
short thoraeie nerves are at the same time acted on, the 
serratus major anticus is energetically contracted. All 
anatomists are aware, no doubt, of the course of the supror 
scapulaar nerve and its relation to the ligament, which, 
extending from the base of the coracoid process to the 
cervical margin of the scapula, converts the inoisura or 
notch into a foramen or hole by which the nerve reaches 
the fossa supras{»Jiata scapulas, and the muscle which 
fills the fossa. After supplying this muscle the nerve 
proceeds to furnish branches to the in&a-spinatus muscle 
as well. Now these muscles contribute powerfully in 
rotating the shoulder (head of the humerus) outwards ; 
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they are, in fact, rotators of the shoulder, in the strict 
sense of the term, and we should expect, that when the 
branch of the nerve supplying them is excited by localized 
galvanism, its influence would be exercised on these 
muscles, and that rotation of the arm outwards must 
follow. This accordingly happens so soon as a conductor 
is placed over the point of integument corresponding to 
the supra-scapular nerve, a point easily made out, even in 
fleshy persons, by attending to the position of the superior 
angle of the scapula. On the other hand, the ftui- 
acapiiJar nerves, supplying the sub-scapular muscle, the sole 
antagonistic rotator inwards to the aforesaid rotators out- 
wards, are too deeply placed to be readily reached by this 
form of galvanism. Nevertheless, this diflSculty has been 
overcome, more especially in the emaciated. There 
cannot be a doubt that these rotator muscles play an im- 
portant part in the deformation of the shoulder-joint in 
those cases where a pathological condition has been in- 
duced by rheumatism, by falls or blows on the shoulder, 
by dislocations, and other causes; antagonists of the 
deltoid in some measure, paralysis of this powerful 
muscle leaves them without a sufficient opposing force, 
and a permanent contracted condition is the necessary 
result. These muscles and their nerves are, moreover, 
often injured in severe cases of dislocation, and they 
do not readily recover. 

On the upper border of the pectoralis major muscle and 
between its margin and the clavicle from the point where 
it ceases to arise from it, the electrical conductor may 
readily be placed on the point of integument correspond- 
ing to the course of the sliort thoracic nerves. On these 
being excited, the action of the muscle follows, and by 
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this the arm is forcibly drawn towards the front of the 
body, raising the elbow at the same time to a level with 
the breast. In this action we recognise in fact the usual 
action of the pectoralis major musde when obeying the 
will 

The cireumjlex nerve lies deep near the upper and 
posterior wall of the axilla ; its importance may be judged 
of by the fact, that it alone supplies the deltoid muscle 
with that power by which the arm is useM to man. The 
nerve, it is true, sends branches to the teres minor, (a 
rotator outwards of the head of the himierus) and to the 
sub-scapular, but these sink into insignificance when 
compared with its supply to the great elevator muscle of 
the humerus. The circumflex nerve, as is well known 
to surgeons, is in a peculiar manner exposed to numerous 
serious accidents in dislocations of the head of the humerus 
from its scapular socket; such as violent stretching, 
accompanied with lacerations, implicating a large portion, 
or even the whole of the nerve. The mischievous results 
of these on the contractions of the deltoid and the utility 
of the arm may readily be imderstood. By placing a 
conductor over the course of the circumflex, notwith- 
standing its depth, the deltoid may be immediately acted 
on by electricity, and the effects of the localized process 
may be still frirther increased, by placing the negative 
conductor over the branch of the short thoracic nerve, 
which also supplies the deltoid and enters the muscle by 
its anterior border. 

2. The external cuicmeous nerve may be excited in the 
groove between the coraco-brachialis and biceps, and by 
this excitation the fore-arm becomes powerfully flexedi 
and a pain is felt on the radial side of the fore-arm. The 
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condtictor must be firmly held in its place. By placing 
the conductor somewhat below the biceps at its lower 
third, the .bradiialis flexor muscle may be brought into 
play; at the point indicated, the second branch of the 
external cutaneous nerve enters the muscle. But the 
median nerve being more readily reached, requires to be 
pushed aside that its excitation may not interfere with the 
action, required. If a negative conductor be placed over 
the branch which the brachialis anticus muscle receives 
at its outerside from the radial nerve, the fcare-arm may be 
flexed, independent of the biceps flexor cubiti, this latter 
remaining soft and relaxed. By such ii^nious experi- 
ments we leam at least that the new method exercises 
functions beyond those of the will, for we naturally have 
no such power as flexing the fore-arm by the action of the 
brachialis alone. 

3. The sulcus bicipitalis throughout its whole length, 
marks the couise of the median nervCf and consequently 
of the various points on which an electric ccoiductor may 
be placed : but the preferable point is towards the lower 
third of the arm, near to which the nerve has crossed to 
the inner side of the humeral artery, and where it can be 
pressed against the humerus. It is almost unnecessary to 
add that excitiog the nerve at the point indicated causes 
painful sensations throughout all its sensitive branches ; 
and besides calls into action the pronator teres and qua^ 
dratus, the flexor carpi radialis, palmaiis longus, flexor 
sublimis and flexor profundus digitorum, the musdes of 
the thenar eminence or ball of the thumb, and the first, 
second, and thiid lumbricales muscles. Thus the motions 
produced by exciting the median nerve are, pofwerfid 
pronation of the fore-arm, flexion of the fingees and of 
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the thumb, which thtis becomes opposed to the otherSw 
If excited above the wrist and before it plunges beneath 
the annular ligament of the carpus (anterior retina- 
culum) and where it is placed between the tendons, of 
the flexor carpi radialis and palmaris longus, it powerfully 
contracts and opposes the thmnb to the other fingers, 
at the same time abducting it ; diere occurs iJso a slight 
bending of the first (proximal) phalanges of the index 
and middle finger. 

Z may here remark that the galyanization of the muscles 
on the inner side of the fore-arm, and especially of the 
prcoiator teres, is exceedingly painful, in consequence of 
the number of sensitive nerves supplied to the integu- 
ments over the whole region. True ; the excitement of 
(me of the branches supplying the pronator is sufficient to 
pronate the arm, but the application will be rendered 
more efficacious if we place the negative conductor on the 
muscle whilst we excite the nerve with the positive. 

On ike other hand, the Imwioh which the median nerve 
supplies to the flexor sublimis digitorum C€anmunis cannot 
be uolated, as it enters the muscle on its deep aspect; 
and the same remark applies to the flexor profimdus 
digitorum communis. The branches which the same 
nerve transmits to the flexor carpi radialis and palmarifl 
longus muscles are readily found, on the under side of 
&ese muscles. 

The experience of every-day life proves to us, that some 
parts at least of the ulnar nerve may very readily be 
reached by a mechanical injury done to the nerve, and 
surgeons in resections of the elbow-joint, on finding that 
they have accidentally partially injured the nerve, have not 
hesitated recommending its complete division with the 
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bistouiy, rather than leave it in a semi-divided condition. 
The nerve I now consider may be acted on by the electric 
conductor nearly throughout its whole course firom the 
axilla to the elbow. But the best and surest point is that 
already aUuded to, where it is often excited, or rather 
paralyzed, by a blow, the space between the olecranon 
process of the ulnar and the inner condyle of the hiunerus : 
here the nerve is much exposed to external injuries and 
all exciting causes, and when acted on by electricity at 
this point) pain is caused in the hand, together with con- 
traction of the flexor carpi ulnaris, flexor digitorum pro- 
fundus, of the muscles of the hypothenar eminence, and of 
the interrossei, the abductor poUicis, and of the third and 
fourth lumbricales muscles. 

Above the wrist the ulnar nerve may be said to be 
superflcial, and is placed on the radial side of the tendon 
of the flexor carpi ulnaris. Close to the pisiform bone lies 
the branch to the ulnar side of the hand, whilst in front 
of the unciform process of the imciform bone ¥rill be found 
the branch supplying the flexor brevis Tm'niTni digitL 
On the other hand, the interossei muscles from the deep 
position of their nervous branches must be excited by the 
intra muscular application of galvanism to the back of the 
hand, and this gives rise to the abduction of the index, 
middle, and ring finger, from the mesial Una 

4. Near the posterior wall of the axilla, lies, with several 
other nerves, the mmcub spiral nerve, one of the most 
remarkable and important of the nerves of the upper 
extremity. It is most easily reached when passing around 
the hiunerus, it occupies together with the musculo-spiral 
artery, a groove in the hiunerus. At this point it may 
also be readily compressed against the bone, or at least 
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partially fixed in its position. Whilst winding around 
the humerus, the branches it supplies to the triceps 
muscle are given off and are easily foimd; on the other 
hand, the branches to the supinator longus are deeply 
situated, and cannot be reached in an isolated mannei^. 
Irritation of the musculo-spiral nerve causes contraction 
also in the supinator brevis, the extensor ulnaris, extensor 
radialis extemus or longus, extensor communis digitorum, 
extensor indicis proprius, extensor minimi digiti proprius, 
extensor pollicis longus and brevis, abductor pollicis, in ^ 
word, such irritation causes supination of the fore-arm 
with complete extension of the hand and thumb, extension 
of the first (proximal) phalanges of the fingers, whilst the 
middle and distal phalanges remain slightly flexed. 

No difficulty exists in exciting the branches to the ex- 
tensor carpi ulnaris nor those proceeding to the anconeus. 
When these are acted on, the contraction of the muscle 
causes slight extension of the fore-arm, thus proving, that 
in point of fact, the muscle is but an appendage of the 
triceps. If the conductor be placed at the radial side of 
the extensor communis digitorum, the extensor ossis meta- 
carpi pollicis and indicator may be made to contract. 

5. To those acquaintec^ with the course of the great 
nerves supplying the muscles of the lower extremitiesi need 
make but few remarks. Generally speaking, their course 
may be imderstood by a reference to a good anatomical 
drawing; but considerable dexterity, patience, and prac-- 
tice are requisite to enable the electrician to excite even 
these nerves with advantage to his patient. The old 
methods of throwing the electric current through a large 
nerve and observing the results are no longer admissible. 

The crural arch or ligament of Poupart is the key to 
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the position of the crural and cbtfurator nerves; the 
sciatic can only be reached below the gluteal depression 
where the hip joins the thigh. Even here it lies covered 
by the flexor muscles. The crural nerve supplies chiefly 
the extensors of the thigh ; the obturator the adductors ; 
the maticy the muscles of the leg, and of the foot. For 
painful affections of the int^uments of the leg and foot, 
subcutaneous sections of the nerves supplying the pained 
parts, have often been recommended and practised. I 
venture to urge a trial of localized galvanism in such 
cases, on the improved principles now put in practice. 

The nerves which supply the great erector muscles 
of the spine are not easily reached, and h^ice the 
superficial muscles only, can be excited to contraction ; 
but in time, no doubt, means will be discovered to enable 
the electrician to act on those more deeply placed. A 
moment's reflection on the distribution of the posterior 
branches of the spinal nerves will explain to the anatomist 
that they present but few points for the direct application 
of localized galvanism ; and this remark applies with more 
or less force to all these nerves, whether cervical, dorsal, 
lumbar, or sacral ; nevertheless, as it is from certain o£ 
these nerves that the broad abdominal muscles derive their 
motor branches, perhaps also their sentient, it will be 
readily imderstood, that their further investigation merits 
the attention of all interested in the progress of the new 
tberapeuiical agent we now consider. 
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CHAPTER n. 

« 

I 

The Electro^hymlogy of the Muscles — ^Continued. 

1. Localized galvanization by enabling ns to act on single 
mnscles, or to bring into action whole gronps of these 
organs, imitates not merely the voluntary power, but in 
some instances, mainly pathological, it even goes b^ond 
this power, especially in respect of the isolated contraction 
of portions of muscles. It may be useful, therefore, in 
this chapter, to view the subject from this point of view, 
although it be true, that electricity acts on the muscles 
sdlely through the nerves. By an analysis of this kind 
we arrive at many important and curious phyBiological 
facts, and at a rational explanation of many pathological 
phenomena heretofore misunderstood or overlooked* 
They explain the necessity for great caution on the part 
of the electrician, lest in strongly exciting one muscle he 
gives rise to deformities by neglecting to call into play 
the synergic action of the group with which the indi- 
vidual musde electrized is naturally associated. It may, 
indeed, be remarked that the natural carriage and position 
of the limbs is, in a great measure, dependent on the 
tonicity of the muscles ; and thus, if the tonic power of 
one muscle be unnaturally increased or diminishepl, de* 
formity isy or may bo the result Notwithstanding the 
crowded state of the muscles of the expression of the 
passions, (I allude to those of the face), and that they are 
known to be covered with numerous ramifications of sen-^ 
dtive nervous twigs derived from the sentient part of the 
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fiiUi pair, it is yet quite practicable to practise galvaniza- 
tion of the facial muscles, singly or in groups. If it be 
desired to produce corresponding contractions on both 
sides of the face, two galvanic machines are required to be 
employed, otherwise the muscles acted on will contract 
unequally or give rise to contortions. 

By the loss of the tonicity of the ocdpito-frowtdlis 
muscle the wrinkles of the forehead (if they exist) not 
only disappear, but cannot be reproduced at will: a 
drooping of the eyebrows also occurs when the muscle has 
become paralysed. Thus the expression is lost, by the 
absence of that action, with which we associate the ideas 
of cheerfulness, of doubt, of surprise, and astonishment* 
The scalp can no longer be moved. On the other hand, 
a loss of power over the orbicularis palpebrarum and 
corrugator supercilii may be immediately observed, and 
electricity resorted to to restore the lost power of the 
will. The same remarks apply to the pjrramidalis nasi, 
usually considered as a slip of the frontales muscles. The 
curious physiological experiments which have been made 
more especially in Germany, by means of localized gal- 
vanism upon this muscle, confirm generally what might 
be inferred &om the known anatomical relations of the 
pyramidalis with the dorsum of the nose and the frontalis 
muscle ; the pyramidalis is, in &ct, the antagonist of the 
frontalis. Experiments by means of electricity have been 
made qn the muscle called eompresaornasi ; they tend to 
diow that this muscle expands, but without raising the 
nostrils. A loss of tonicity of this muscle is said to pro- 
duce compression of the nares. Aware of the complexity 
of the muscular apparatus surroimding and acting on the 
cartilaginous skeleton of the nostrils, I merely give the 
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results, which seem to have been made out in a satisfectory 
manner : but I do not attach much importance to experi- 
ments made on muscles whose anatomy has not as yet been 
clearly demonstrated; and whose complexity is great 
anatomically and physiologically. The nostrils seem to 
act in unison with the diaphragm and the intrinsic muscles 
of the^larjmx : these contractions seem to be the first step 
m the respiratory act ; and although in man, many of the 
structures foimd here may be viewed as rudimentary 
when compared with the same structures in the horse and 
larger mammals, there is no reason for supposing that, 
small as they appear, they are without influence in the 
mechanism of respiration. 

The orbicularis oris is a muscle which by receiving 
nerves from both sides (a consequence of its mesial posi- 
tion), requires the employment of several conductors. If 
acted on close to the mesial line, the lip is drawn inwards, 
and it becomes wrinkled ; the electric power being trans- 
mitted through the lateral parts, the muscle in contraction 
draws the lip outwards. By means of the employment of 
•localized galvanization we learn that the exterior fibres in 
contraction turn the lip outwards, whilst the inner direct 
it towards the teeth. The inner half of the eccentric 
fibres wrinkles the Kps and brings them forward mesially, 
whilst the inner half of the concentric fibres wrinkles the 
lips and inverts them. From pathology we learn, that 
when the muscle is absent, as in fatty degeneration, 
the face assumes a strange expression. The lips project 
from the teeth, the mouth is open, the cheeks are flat- 
tened and furrowed with longitudinal wrinkles, and the 
speech is afiected in so &r as regards the pronunciation of 
lie vowels o and w. 
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Localized galvanization presents no new facts in respect 
of the action of the levator labii superioris aloequs nod ; 
it does not enlarge the nostril, but a loss of tonicity of the 
zygomaticvs major muscle produces a sinking of llie comr 
missure of the lips, lowers the cheek, and inferior eye-lid, 
so that the eye-lids cannot be fully closed. The lower 
part of the sub-nasal furrow disappears. The action of the 
zj/gomaticus minor resembles that of the major; so also 
are the results of its loss of power. 

By electric action we learn that the depressor labii 
superioris alseque nasi in reality forms two muscles ydth 
an independent or conjoined action as the case may be. 
The fasciculus in connection with the septum draws the 
posterior portion of the ala downwards and backwards, 
thus increasing the longitudinal diameter of die nostrils. 
When this muscle is strongly developed, and the con- 
traction, however induced, powerful, a sort of dimple is 
formed at the commencement of the line which proceeds 
from the nose to the lip, and the septum follows the motion 
of the ala, and becomes flattened. The induced con- 
traction is sufficient to give a nasal tone to the voice. 
By its contraction an expression of age is given to the 
&ce. If such experiments have little practical tendency, 
they yet affect and improve our diagnostic methods, and 
place the physiobgy of the muscles on a basis heretofore 
absent — the basis of direct experiment 

Galvanic experiments throw little new light on the 
functions of the depressor anguli oris (the triangularis of 
some anatomists), and levator labii inferioris ; when the last 
muscle is paralysed as in the double paralyisis produced 
by neuralgia, labial sounds are articulated with difficulty. 
Patients t^us affected wrinkle the lips in articulating the 
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labials, and they fiirther support the chin with the hand 
to facilitate the enunciation. Neither do such experi- 
ments furnish any new facts regarding the history of the 
buccinator, the attollens, the attrahens, or retrahens 
auriculam. As regards the latissimus colli, such experi- 
ments serve to show, contrary to the opinion of Bichat, 
that this muscle is the most expressive of all the muscles. 
Its action expresses terror and fury. It were interesting, 
in a physiological point of view, to follow out these ex- 
periments, and to describe them at greater length ; but I 
purposely refrain from doing so, such being foreign to the 
object of this work. 

2. The larger muscles of the neck and trunk fiimish a 
large field for useful observation on the application of this 
therapeutic agent, in consequence of their connexion with 
the movements of the upper extremities. Experiments 
too numerous to be more than alluded to in this brief 
analysis have shown me that the excitation of the clavi- 
cular portion of the trapezius muscle draws the head 
rapidly towards the side acted on, giving to it at the same 
time a movement of rotation, by which the chin is turned 
towards the opposite side : when this inclinati(Hi of the 
head towards the side acted on has reached its maximum, 
the contracted muscle then raises the collar-bone and con- 
sequently the shoulder. 

In order to enable this clavicular fasciculus to act simply 
and exclusively on the shoulder, it is necessary that the 
muscles which oppose the inclination and throwing back 
of the head and its rotation, should act energetically ; and 
even then the head will still move backwards to a slight 
extent : it will incline a little to that side notwithstanding 
<all effcMTts to the contrary. 
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By the contraction of the clavicular portions of both 
muscles, the head is reversed directly backwards; the 
main action then of these clavicular portions of the 
muscle is upon the head and not upon the shoulders. 
On the other hand, the fibres of the middle portion of the 
trapezius attached external to the acromion and to the 
external half of the spine of the scapula produce when 
excited a double movement : first, a movement of eleva- 
tion of the acromion, by which the inferior angle of the 
scapula is removed fi^om the median or mesial line ; second, 
a movement of elevation en totality of the scapula. The 
fibres of the middle portion of the trapezius muscle, which 
are attached to the inner half of the spine of the scapula, 
raise but little, when excited by galvanism, the external 
angle of the scapula, but they draw the whole bone forcibly 
towards the mesial line or vertebral column. 

When the electric agent is transmitted through the 
fibres composing the inferior portion of the trapezius, the 
internal angle of the scapula is depressed and the spinal 
margin of the bone approaches the mesial line. By 
employbg several machines of eq^^al mtensiiy or of 
several currents derived from a single machine, and placing 
conductors on all portions of the trapezius, the various 
movements of this essential bone in the composition of the 
shoulder may be successively demonstrated. No mus- 
cular fibres are more excitable than the clavicular portions 
of the trapezius, due no doubt to the supply of nerve 
force they receive from the spinal accessory nerve of 
Willis, the external branch of which is distributed to 
them. The stemo-cleido-mastoid muscle for the same 
reason, namely, the being supplied with nerves from the 
spinal accessory, is nearly as excitable as the clavicular 
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portions of the trapezius. But this portion of the muscle 
receives branches also from the cervical plexus, and this 
has its influence on the physiology and pathology of the 
muscle, as well as on its treatment in paralysis. It would 
seem to result from several carefully made observations 
that the clavicular portion of the trapezius is the portion 
mainly active in inspiration, whilst the middle portion 
contributes most in simply raising the shoidder, and by 
its tonic contractibility in maintaining the shoulder in its. 
normal position of elevation ; it also assists in the vertical 
elevation of the arm, and the inferior fibres assist powerfully 
in carrying the scapula towards the mesial line of the 
trunk. 

The pathological physiology, if we may so say, of this 
superficial and yet important muscle is peculiarly inte- 
resting, and would form of itself materials for an extended 
chapter. As space cannot be afibrded for this, I shall 
here confine myself to a few remarks. In progressive 
atrophy of the muscle it is very generally the inferior 
portion which disappears first ; the clavicular part seems 
to retain, even in extreme cases, a portion of its original 
character. Pathology prpves what surgeons had not even 
suspected, that when the fibres of the trapezius which 
draw the base or spinal margin of the scapula towards th^ 
vertebral column are atrophied, the scapula removes itself 
more and more from the mesial line, despite the efibrts of 
all the antagonistic muscles. Physiologists will, I think, 
admit with me, that a fact of this nature could be dis^ 
covered by localized galvanism alone, at least during the 
life of the patient. 

When the inferior portion of the trapezius has become 
atrophied, the inferior angle of the scapula is drawn 
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towards the mesial line, whilst the superior angle recedes 
from it, and the shoulder is depressed. 

Observation shows that when, as happens Tery rarely, 
the clavicular portion of the trapezius has been destroyed or 
atrophied, the shoulder is no longer raised during deep inspi- 
ration, proving the peculiar action of this portion of the mus- 
cle, and its intimate connection with the inspiratory act. 

The levator of the angle of the scapula under the 
influence of the electric excitation, slightly rotates the 
scapula upon its articular extremity, which remains fixed, 
so that the two other angles (the superior and inferior) 
are somewhat raised, the inferior, in the mean time, ap- 
proaching the mesial line, and causing a slight prominence 
under the integuments. After this movement, the whole 
shoulder is elevated in a mass, and the head inclined 
somewhat towards the excited side. There is no depressor 
of the shoulder at any time, as Winslow conjectured, nor 
any rotation of the scapula upon a fictitious axis. The 
articular angle of the scapula is always fixed. The muscle 
is simply then an elevator of the shoulder, nor does its 
name of elevator of the angle (superior or posterior) 
exclude the idea. It often remains sound when the 
trapezius has become atrophied, and it is seldom itself 
affected with complete atrophy. It is an extremely ex- 
citable muscle ; it acts in inspiration, and resists, for a 
long time, the progressive muscular atrophy, a patholo- 
gical condition I shall consider in Part VI. of this work. 
The rJwrnhoideus muscle is superficial only at a small 
triangular space, whose margins are formed by a part of 
the spinal border of the scapula, the upper edge of the 
latissimus dorsi muscle, and the outer border of the lower 
third of the trapezius muscle. At this spot we only meet 
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with the lower jUrea of the rhomboideus, smd from the 
excitation of these, derive but an imperfect idea of its 
action. It frequently happens that when the trapezius is 
atrophied the rhomboideus muscle remains unaffected, 
and is accessible to the galvanic excitation. If the con- 
ductors are placed over the upper fibres of the rhom* 
boideus muscle the shoulder-blade is moved obliquely from 
below upwards and from without inwards. 

If the conductors are placed over the lower fibres, the 
shoulder-blade turns upon its outer angle, raising the Iow«r 
angle and drawing it towards the mesial line. 

If all the fibres of the rhomboideus are made to contract 
simultaneously, the scapula is raised and turns upon its 
outer angle. When this muscle is made to contract 
powerfully, the shoulder-blade and acromion are both 
raised, and its base moves obliquely from above down- 
wards and firom without inwards, so that its upper angle 
is removed from, and its lower angle made to approach the 
mesial line. If the arm is raised perpendicularly on the 
commencement of the contraction of the rhomboideus 
muscle, it is lowered in proportion as the lower angle of 
the shoulder-blade is raised. 

We cannot form any idea of the action of the normal 
rhomboideus muscle by the mere application of galvanism. 
When its fibres are elongated by ihe sinking of the 
shoulder-blade, and the base projects in consequence of 
the loss of the trapezius muscle, then are we especially 
enabled to observe its powerftil effect upon the scapula. 

In patients thus afflicted the shoulder-blades turn upon 
their outer angle during the powerful contraction of the 
rhomboidei, and the lower angle is raised to the level of 
the outer. 

G 2 
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Only a iew of the upper fibres of the rhomboideus 
slightly draw the shoulder-blade towards the mesial line. 
. The slight raising of the shoulder (as in shrugging the 
shoulders) is performed by the contraction of the middle 
bundle of fibres of the trapezius muscle, for we can feel 
that the rhomboideus muscle is perfectly relaxed. On 
lifting the shoulder and on carrying a load the rhomboideus 
acts also powerfully. 

Deformity of the shoulder. — ^The rhomboideus con- 
tributes but little in retaining the base of the scapula at 
a normal distance from the mesial line, but it holds the 
base firmly to the thorax. Indeed when this muscle is 
atrophied, we observe that the shoulder-blade stands off 
from the thorax. If the lower fibres of the trapezius are 
also atrophied, the depression between the base and the 
spinal column is particularly observable^ but it disappears 
directly if the patient extends his arms outwards and 
forwards. This is effected by the action of the serratus. 

The loss of tonicity of the rhomboideus muscle causes a 
pushing of the inner angle of the scapula outwards and 
forwards, because the serratus muscle turns the scapula on 
its inner angle. 

The contraction of the rhomboideus muscle gives rise to 
the same positions as are caused by galvanic contraction. 

Serratus magnvs. — This muscle can be galvanized in 
the space between the pectoralis major and the latissimus 
dorsi muscles, where a part of its seven lower serrations 
are subcutaneous or superficial. The four last serrations 
present only a small portion of their anterior ends in front 
of the latissimus dorsi, so that galvanism affects them but 
slightly. The other serrations, especially the 4th, 5th, 
and 6thj produce in those in whom the musclea are well 
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developed strikingly remarkable movements of the scapula. 
We must galvanize principally the large striped fibreis 
which are inserted into the inferior angle of the scapula, 
and to which the serrations from the 5th to the 10 th con- 
verge, in order to obtain the proper action of the lower 
portion of the serratus. 

In the healthy condition these fibres are covered by the 
latissimus dorsi, and, consequently, inaccessible to direct 
galvanization. In many patients the atrophy of the 
latissimus dorsi will be found to coincide with a normal 
BtSite of the serratus magnus ; in young persons the fibres 
of the latissimus dorsi are often very thin and are some- 
times wanting. 

The slight galvanization of the lower fibres of this 
muscle causes the scapula to turn upon its inner angle, 
in consequence of which the acromion will be raised and 
the lower angle will be turned outwards and forwards. 
After this rotation the scapula is raised up, as on contrac- 
tion of the lower fibres of the trapezius. 

If we galvanize the middle and lower serrations simul- 
taneously, the scapula will be moved forwards, outwardd, 
and upwards, causing the base to recede from the mesial 
line, and be pressed against the thorax, giving rise to a deep 
furrow in the skin. 

This rotation of the scapula on its inner angle and th^ 
lifting of the outer angles is effected in the same way as 
with the trapezius, rhomboideus, and levator anguli. 

Some view this motion as a see-saw motion, but this is 
incorrect ; for if we place a finger upon either of the 
angles we shall perceive that the scapula turns upon each 
of its angles as upon an axis, two angles always turning 
upon a third which remains stationary* 
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All the .musoles which rotate the scapula laiae it at the 
same tune. This proceeds uuquesticmably firom the &ct, 
that these muscles have antagonists, which Winslow very 
proper^ called moderators, and which offer a tonic resisl- 
iuice, therefore the lower portion of the senatus magnus, 
like the middle fibres of the trapezius, raises the acromion 
powerfully^ and moves the lower angle of the scapula 
outwards and forwards. This last motion is restricted by 
the lower half of the rhomboideus and the levator anguli 
scapulae (their moderators), when these muscles have at- 
tained the maximum of their extension. If the oontrao- 
tion of the serratus or the trapezius continues, the scapula 
will place itself in a position in which it meets with no 
lesistancey ijiat is to say, upwards in the direction of the 
tangent of the imited forces of these muscles. 

The lower portion of the serratus magnus acts as a 
powerfid elevator of the shoulder. 

The serratus magnus is an important inspiratory muscle ; 
in order that this muscle may elevate the ribs from which 
it arises, it is necessary that the scapula be fixed by the 
synergic contraction of the rhomboideus, otherwise the 
ihorax would serve as a fixed point; the raising the 
shoulder by turning the scapula would only be the result 
of the contraction of the serratus alone ; consequently^ the 
serratus, as an in^tpiratory muscle, requires the synergic 
XK)ntraction of the rhomboideus. 

To prove that the serratus can expand the thorax whikt 
it raises the ribs to which it is attached, and draws tiiem 
outwards, Duchenne made the following experiment on a 
patient, whose serratus and rhomboideus muscles lay irn^ 
mediately beneath the skin, in consequence of the muscles 
over them (viz., the latissimus dorsi and trapezius muscles) 
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being atro|^ed. Two electio-^vanic apparatuses weie 
so adjtisted that the current from one was four times the 
strength of the other. Duchenne placed the conductors 
<K»mected with the weakest instrument over the striped 
&sciculus which belcmgs to the lower serrations of the ser- 
ratus. The conductors, in connection with the stronger 
apparatus, were placed over the rhomboideus. (These 
different electrical powers are required for these two 
muscles, if we desite to equalise the power of their conr 
tractions, so that the lower angle of the scapula may 
remain motionless during their combined contraction.) 
When the curr^it passed, there followed : 1st, a perpen- 
dicular raising of the whole scapula ; 2nd, the convex 
parts of the ribs, whose convexity seemed increased were 
moved ^pwards and outwards. 

The patient made during the experiment an involuntary 
Boisy inspirati<»i when the nose and mouth were closed. 

The upward moti(»i of the scapula, which results from 
the rhomboideus and serratus muscles contracting at the 
same time, &vours the inspiratory action of the serratus, 
as it brings the upper and middle serrations of this muscle 
in a transverse direction from above downwards, and in* 
creases the obliquity (£ the lower serrations, which natu- 
rally tends to e^^pand the thorax. 

The w^ht of the arm would draw down the outer 
articular angle of the scapula but for the counteraction of 
the trapenus and striped fiusciculus of the serratus muscle. 
If the serratus becomes atrophied the outer angle of the 
scapula drops, whilst the inferior angle is raised indeed 
nearly to the level of the outer one. 

Peotoralis THCffor muscle. — The upper portion of the 
pectoralis major muscle counts of the clavicular and 
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upper sternal portion. If we galvanize this upper portion 
on one side wliilst the arm hangs down, the shoulder will 
be directed obliquely upwards and forwards, and if on 
both sides simultaneously the elbows will also be directed 
forwards and inwards, and the arms be pressed against the 
chest. If the arm be raised vertically it will, when this 
-portion of the pectoralis major is galvanized, drop gradually 
forwards to the horizontal level. The lower portion, which 
draws the shoulder downwards, consists of all the fibres 
excepting those which arise from the upper part of the 
atemum and from the cartilages of the true ribs. If the 
Brnx be placed perpendicularly to the axis of the body it 
will move obliquely from above downwards, and from 
behind forwards, as soon as this portion of the muscle 
begins to contract. ^ 

\. Each portion of the pectoralis major muscle has a dis- 
tinct action, and contracts singly for different purposes- 
The upper portion raises and sinks the arm according to 
the position of the limb; the lower portion always de^ 
presses or draws it downwards. These movements are 
Very important for many purposes. 

Deltoid nvuscle. — When the arm hangs down by the 
side, on galvanizing the fibres of the deltoid which arise 
from the acromion process, the whole extremity may be 
at once extended or abducted directly outwards. The 
internal fibres of the deltoid also raise the arm, but direct 
it obliquely forwards and inwards, whilst the middle fibres 
direct it forwards and outwards : it is these last which are 
most firequently atrophied; but the only action affected 
thereby is the raising of the arm outwards, and that but 
slightly ; the i^otion of the arm is much more affected by 
atrc^% of the anterior fibres. 
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In a patient in whom the middle fibres were paralysed, 
the arm could be raised outwards and backwards to a 
considerable extent, but not forwards. If the patient de- 
sired to raise his hand to his head he lifted the arm out- 
wards (by means of the middle fibres) and flexed the 
fore-arm, but he could not touch his head unless he bent 
the head forwards. Atrophy of the posterior portion of 
the deltoid muscle renders many movements almost impos- 
sible, such as putting the hands in the pockets, or raising 
the hand behind the back. In attempting the latter 
•movement patients raise the arm straight outwards, bend 
<the fore-arm, and pronate the whole arm, and even then 
cannot touch their backs. They are able to carry the 
hmnerus backwards by the action of the latissimus dorsi 
and teres major muscles, but then the arm droops and 
approaches the thorax, so that they get the hand behind 
^them and cannot lift it. The lifting of the arm above the 
-horizontal line is produced by the simultaneous action of 
the deltoid, serratus magnus, and middle fibres of the 
'trapezius muscles. 

Paralysis or atrophy of the serratus does not weaken the 
arm nearly so much as the loss of the deltoid muscle ; and 
patients in whom atrophy of the serratus has taken place 
can perform many movements which would be impossible 
were the deltoid also atrophied. 
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CHAPTER III. 

iEteatrthPhg^logieai McperiTnefite an the Muscles df the 
Sand; Peculiar fumtione of the Intcrossei cmd 
Lumbricales Muscles. 

JSxtensar eommums digitorum^ Mxtensor rniriimi digiU^ 
and Hxtensor mdicis. — If when the hand and fix^gers are 
flexed we galvanize the extensor muscles of the fingers, 
we find diat, firsts the second and third row of phalanges, 
then the first, and lastly the carpus, are extended. The 
decond and third rows of phalanges will remain extended 
imtil the metacarpus forms an angle witli the foro-Bim^ 
the second and third rows then comm^ice to bend, whilst 
the first row is more extended. To prove how weak the 
action of the extensors of the fingers is on the second and 
third row <^ the phalanges we have only to bend the meta^ 
carpus backwards towards the fore-axm, and cause the 
-extensors of the fingers to contract, the conductors being 
placed close to their origin : the first row of phalange? 
now extends, whilst the two last remain flexed. 

The BctioA of the extensors upoa the last phalanges is> 
consequently, very limited ; and if these muscles were thfs 
only extensors of the fingers, they would assume a claw- 
like position when the wrist was bent back towards the 
fore-arm. The flexed position of the two last rows of 
phalanges, as may be seen in cases of such deformities, 
depends upon the tonic resistance of the flexor sublimis 
and profundus digitorum muscles, which the extensors 
cannot overcome. 
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The extensors of the fingers not oiily eittend the fitat 
(phalanges, but also spread them out if they were^ when in 
the flexed positioia, olose together. 

With a little practice, and using small conductors, we 
oan succeed in irritating single fibres of the extensor com- 
munis digitorum muscle ; we then observe the followii^ 
oresults: the fibres which go to the forefinger draw it 
towards the thumb ; the fibres which go to the middle 
finger do not produce any lateral motion ; the fibres which 
go to the fourth and to the little finger move them towards 
the hItia^ 

If we confine the electrical excitation to the extensor 
indicis, the forefinger will be moved towards the middle 
finger, and the Htde finger separated firom the fourth 
finger, much more than happens by the contraction of the 
fibres of the extensor communis digitorum, which belong 
to it. 

The isolated excitation of the extensor indicis muscle is 
father difi^idt to effect, but there are persons in whom 
the fibres of the extensor communis digitorum do ndt 
jextend far down, so that we can reach the deeply-situated 
extensor indicis without irritating the superficial muscles. 
We also often find in fiitty degeneration of the muscles 
ihat the superficial ones are alone implicated. These 
•experiments prove that the extensor conmiunis digitorum 
and extensor indicis muscles not only extend the first 
phalanges, but also move laterally the fingers firom the 
foied middle finger. We may therefore, widi Cruveilhier, 
«)nsider the middle finger as the axis of the hand. 

Flexor mblimk aand ProftmAus digitorvm.'-^ThB arti- 
ficial contraction of the flexor sublimis and profundus 
digitorum muscles produces the flexing of the two last 
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phalanges. The flexion of the first or proximal phalanges 
is but very slight and secondary, because this action 
generally takes place only when the muscles are already 
contracted. 

If when the hand is strongly extended, as well as the 
two last phalanges, the flexors of the fingers are galyanized, 
the first phalanges will be powerfully contracted; if, on 
the contrary^ the fingers are left alone, the two last 
phalanges will first contract, and then the first, though not 
very powerfiilly. 

If we cause the extensors and flexors of the fingers to 
contract simultaneously by an equally powerful current, 
the first phalanges will be extended, whilst the two last 
are contracted. It follows that the flexors do not act upon 
the first phalanges with sufficient power to be antagonists 
to the extensors. 

If the flexor profimdus muscle at the commencement of 
a contraction is already shortened, its influence upon the 
last phalanx will be considerably diminished, for, if on 
bendLg the hand or finger /werfimy, we cau« this 
muscle to contract, the last phalanx will be bent but little, 
•or perhaps not at all, and the second with difficulty and 
with a painfiil feeling. Doubtless, for this reason, the 
extensors of the first phalanges contract synergetically, 
when the phalanges contract volimtarily, and these ap- 
parently opposing actions are necessary for the use of the 
hand. 

Of the Intertmei and Lumbricales muscles. — The elec^ 
trie irritation of these muscles produces successively three 
actions: 1st, the passage of a moderate current adducts 
or abducts the finger (according to the particular position 
<if the galvanized muscle). 2nd. A stronger current 
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extends the second and third phalanx. And 3rd, the 
first phalanx is bent at the same time. 

The two last movements are caused by the contraction 
of the four lumbricales muscles, the first only producing 
a weak abduction of the finger. The interossei muscles 
which move the fingers from the ulnar side of the hand, 
execute the abduction movement more completely than 
those which have to bring them towards it. But the 
adductors, although weaker, extend the two last phalanges 
more powerfully than the abductor. 

We have already seen that the force of the extensorff 
only extends to the first phalanges, and that it is too weak 
to overcome the tonic resistance which the flexors oppose 
to the extension of the two last phalanges. The interossei 
and lumbricales muscles alone are capable of overcoming 
this resistance. These small muscles execute so forcibly 
the extension of these phalanges, that they must be con- 
sidered as their real extensors, and those extensors which 
come from the fore-arm pass for weak supporters only. 

If we repeat the experiment which has been already 
described (wherein we saw that the first phalanx was 
extended by the electrical contraction of the extensors), 
and place small conductors connected with a second gal- 
vanic apparatus on the interrosseus muscle of the middle 
finger, the two last phalanges of this finger will be 
stretched out through the contraction of its interosseus 
muscle. In like manner we can extend the two last 
phalanges of the other fingers. 

We can easily prove by galvanization, that the interossei 
and lumbricales muscles extend the first phalanges more 
powerfully than the flexor sublimis and profundus mus- 
cles. 
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The intetossei and lumbrioales muscles oannot extend* 
the two last phalanges, without bending the first and 
vice versa* We must assume an unknown anatomical 
condition, which permits these muscles to pecform two< 
opposite motions at the same time. 

The benefit of these apparentlj opposmg motions of tiie 
first and two last phalanges is very great, and thej are 
very important in writing, di-awing, &c. If we analyze 
for instance the motions of an individual drawing, when: 
he holds his pencil between the thumb and the two first 
fingers, we perceive two movements, one which draws the 
stroke downwards and the other upwards. 

1. Motion which draws the stroke downwaad^i-r— The 
two last phalanges which hold tiie pencil are at first 
contra-extended to the first phalanges^ and these benti at 
a right angle towards their metacarpal bones. If we 
desire to draw the stroke downwards^ the two last phalanges 
of the fore and middle fingers are bent, whilst their first 
phalanges are extended upon the metacarpus* 

These movements are produced by the sjmergetical con- 
traction of the flexor profimdus digitonmi and of the ex«^ 
tensor muscles. If all these muscles acted with eqtial 
force on all three phalanges, these synergetical contrac- 
tions could not take place, without havii^ overcome a 
very powerfiil antagonism ; the extensor digitorum muscle 
could not extend tbe first phalanx, without contending 
against the bending of the two last, and their bending 
would prevent the extension of the first phalangea If 
this muscular antagonism really occurred, such powerful 
exertions would be reqiiired to overcome it, that the lights 
ness and dexterity of the fingers would thereby be lost. 

2. Motion which makes the stroke upwards.— The 
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mechanism of this movement is natarallj the opposite of 
the last) that is to say, the extended first phalanges bend 
and the flexed last phalanges extend. 

The flexors and extensors take no part in this motion, 
but onlj the interossei and lumbricales muscles^ as will 
appear from the following experiment. 

The two last phalanges of the fingers and of the thumb, 
which hold the pencil, are bent as much as pos^ble ; if we 
now place the conductors alternately upon the interossei 
and lumbricales muscles of the &ire or middle fingers, we 
shall see how the fingers irresistibly purii the pencil 
fi)rwards, while each phalanx performs the above-de- 
scribed motions. If we at the same time galvanize the 
muscles of the ball of the thumb, the thiunb will exactly 
follow the movements of the fingers. If however the 
pencil is held as in the last experiment, and we excite the 
extensors alone or at the same time with the flexors, the 
first phalanges will be powerfully extended, whilst the last 
will be still more bent, and the pencil will drop out of the 
fingers. 
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Extensor 09m rmtacwrpipollick ; Extemorpniminternodii 
pollids ; Extensor secundi intemodii polUds; Flexor 
longiLS pollids- 

These muscles are difficult to isolate in a n<iHrmal con- 
dition, but m cases of partial paralysis: it has been ef- 
fected. 
. 1. EistteinMr osM metaoarpi poll^ the thumb 
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and the first metacarpal bone are advanced to the second, 
and this muscle is caused to contract, the first metacarpal 
bone will be directed obliquely outwards and forwards, and 
turned towards the carpua The phalanges of the thumb 
are, during this motion, dightly bent, and are directed 
outwards from the fctre-finger. 

If we continue the galvanization, the hand will be bent 
towards the fore-arm and slightly abducted; supination, 
never occurs. 

Extensor primi intemodii pdlick. — ^If this muscle be. 
made to contract, the thiunb being in the stune position as 
before, the firpt metacarpal bone will be drawn straight 
outwards, whereby the first phalanx of the thumb will be> 
extended, and the second bent If the contraction is con- 
tinued, the haad will be abducted, but neither bent nor 
supinated, 

Hxtemor secundi intemodii pollicis. — If the two pha- 
langes of the thumb are bent, and the first metacarpal bone 
be directed obliquely outwards and forwards, we shall 
perceive, on the contraction of this muscle, two ,simul- 
taneous movements, viz., an extension of both phalanges, 
and the movement of the thumb obliquely inwards and 
backwards. When the contraction is at its mfunnnnnn it 
causes the thumb to form an acute angle with the wrist, 
and its last phalanx will be behind the level of the meta- 
carpus. We never see supination take place through the 
contraction of this muscle. 

Flexor longiis pollicia, — The contraction of this muscle 
slightly flexes the first phalanx. 

The abduction of the thumb belongs therefore to the 
extensor primi intemodii poUicis, while the extensor ossis 
metacarpi pollicis draws the thi^nb forw'ajdsand putwai^. 
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and Is really the extensor of the thumb; the extensor 
secundi internodii poUicis not only extends both pha- 
langes, but adducts and also extends the first metacarpal 
bone, but does not produce any supination. 

Abd/uctor pollicis; Flexor brevU poUicis; Add/uctor 
pollicis ; and Opponena poUicis. 

The muscular fibres which constitute the abductor 
poUiciSy flexor brevis pollicis, and oMuctor polliciSy have 
been arbitrarily divided into three muscles; in reality 
they form only two muscles, whose actions we will now 
consider. 

1. Muscular fibres which go to the outer side of the 
first phalanx of the thumb and are formed by the abdttctor 
pollicis, and a portion of the flsxor brevis pollicis. If "vfe 
galvanize this fasciculus of muscle, the thumb being in its 
natural position, we obtain three distinct movements. The 
first metacarpal bone is moved forwards and inwards. 
The first phalanx is bent and inclined from within 
outwards, so that its front side is opposite to the volar 
surface of the finger. The second phalanx is extended if 
it was previously bent. If during this experiment the 
first metacarpal bone is in a position of abduction, the 
adduction movement will be greater and takes place by 
a kind of rotatory motion. 

2. Muscular fibres which are inserted into the inner 
sesamoid bone at the metacarpo-phalangeal articulation of . 
the thumb, and are formed by a portion of the flexor 
brevis pollicis and the addttctor pollicis. 

On the galvanization of these fibres, the first metacarpal 
bone is drawn towards the 'second, and places itself inwards 

H 
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and before it. The direction of the movement varies 
according to the position of the first metacarpal bone at 
the beginning of the contraction. If it was abducted it 
will be from without inwards ; if it was bent, it will be 
extended ; if it was adducted, it will be moved from the 
second metacarpal bone outwards. 

From this we see that the so-called adductor poUieis is 
also an extensor and abductor. 

The thumb follows passively the movements of the first 
metacarpal bone, but the first phalanx is bent at the same 
time that the second is extended. 

3. Opponens pollick. — This muscle both bends the first 
metacarpal bone and adducts it, but does not act upon th^ 
phalanges of the thumb. The first metacarpal bone is 
brought on a level with the second by a powerful contrac- 
tion of this muscle; when the thiunb is moved by no 
other muscle it will be directed outwards bora the fore- 
finger and its volar side inwards. 

These experiments prove, that in some respects, a strong 
analogy exists between the action of these muscles on the 
thumb and the action of the interossei muscles on the pha- 
langes of the fingers. All these muscles bend and ad- 
duct or abduct the first phalanges whilst they extend the 
last, which also receive a lateral motion from the first. 

In order to exhibit distinctly the movements of abduc- 
tion or adduction which the phalanges of the thumb exe- 
cute by means of the muscular fibres which go to the inner 
or outer side of the first phalanx, it is necessary to hold the 
first metacarpal bone in the greatest abduction, the thumb 
will tben be in its natural position. We then place the 
conductors alternately on the fibres which go to each side 
t£ the first phalanx of the thumb. At the same moment 
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in which the fibres on the outer side contract, the first 
phalanx bends and the thumb inclines towards the little 
finger and describes a circle with its tip. If in this 
position of the thumb we galvanize the fibres which 
go to the inner sesamoid bone, the thumb will return 
to its natural position, and incline slightly towards its 
inner side. Hereby the last phalanx will be extended, 
and the first will make a lateral movement. If we irritate 
jyt the same time the fibres on both sides, the first pha- 
lanx will bend without lateral motion or rotation, whilst 
the second will be extended. 

Three muscles of the bell of the thumb axe therefore 
adductors and fiexors of the first metacarpal bone ; the 
opponens, the abductor pdlicis and a &sciculus of the 
flexor buevis poUicis. Of the two &sciculi which incline 
iiie first phaluix laterally towards the little finger, the one 
belonging to the flexor Inrevis polHcis executes this move* 
ment more powerfiilly than that formed by the abductor 
pcUicis. The abductor pollicis opposes the thiunb only 
against the fore and middle fingers, but the flexor brevis 
pdllicis against all four fimgers. 

The last phalanx of the thumb has three extensors 
acting in diflerent ways. 1. The extensor secundi inter* 
vodii pollicis extends the fiist metacarpal bone and the two 
pbalangefl of the thumb. 2. The adductor pollicis inclines 
the first metacarpal bone towards the second and bends it 
towards its inner side and extends the second phalanx. 
3. The abduct(Hr poUicisaad Aexor brevis pollicis bend the 
aaetaoarpal bc«ie and the first phalanx and extend the last; 

These three extensors are necessary in order that the 
first phalanx may be extended not only when fhe thumb 
is pressed against the fingers but also when the hand is 

H 2 
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open or when the thumb approaches the fore-finger. 
If the extensor primi intemodii poUicis muscle alone 
extended the second phalanx, this would be very diflScult 
to do when the important opposition of the thumb was 
required, because the extensor primi intemodii pollicis 
moves the metacarpal bones in an opposite direction. 

Winslow considered the first metacarpal bone the first 
phalanx of the thumb. 

Indeed the first metacarpal bone is abducted in the 
chief movements of the hand, whilst the last phalanx is 
bent and vice versa. 

In drawing a line from above downwards, the last 
phalanx of the thumb is bent and the first extended, 
whilst the first metacarpal bone is abducted ; when a line 
is drawn from below upwards the reverse takes place. The 
mechanism of these movements is exactly similar to what 
takes place in the fingers. In fact the abductor longus 
and extensor ossis metacarpi pollicis which cause the ab- 
duction of the first metacarpal bone and extension of the 
second phalanx, are not antagonistic to the flexor longus 
pollicis; on the other hand, the abductor longus and 
flexor brevis pollicis, like the interossei, effect at the same 
time flexion of the first phalanx, extension of the second 
and adduction of the first metacarpal bone. The extensor 
primi intemodii pollicis might disturb this mechanism in 
consequence of its effect on both phalanges and the first 
metacarpal bone. 

The abductor and flexor brevis minimi digiti bend, ius 
in the thumb, the first phalanx and extend the last, but 
not very powerfully. 
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Pathological Phydology of the Muscles which move the 

Thumb and Fingers, 

The importance and novelty of the facts furnished by 
pathology with the aid of localized galvanism must be my 
excuse for the introduction here of what may be deemed 
an episode in the history of electrical therapeutics. The 
importance of the hand to man cannot be overrated. The 
facts I am about briefly to sketch have been derived from 
various sources, and have been verified so frequently by 
myself as to leave no doubt in my mind of their accuracy. 

In paralysis of the extensors, for example in saturnine 
palsy, the first phalanges will be flexed, and the extension 
of the last phalanges appears very limited, especially when 
the wrist is also flexed firom paralysis of the extensors. 
But if the first phalanges and the wrist are kept extended 
as much as possible to compensate for the action of the 
palsied extensors, and the patient is made to flex and 
extend the two last phalanges, he will be able to do so as 
powerfully and perfectly as if the paralysis of the ex- 
tensors did not exist. 

The interossei and lumbricales muscles can, notwith- 
standing the palsy of the extensor muscles, extend the two 
last phalanges. 

If we galvanize the palsied extensor muscles, as in lead 
palsy, they will not contract, and the phalanges remain 
motionless ; but if we galvanize the interossei muscles the 
two last phalanges will be powerfully extended, and, 
indeed, in every position of the first phalanges and meta- 
carpus. 

The paralysis or atrophy of the extensor muscles im- 
pedes the bending of the two last phalanges. 
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In consequence of the paralysis of the extensors of the 
fingers, and especially when this is combined with paralysis 
of the extensors of the wrist, the bending of the last pha- 
langes will become difficult, if not impufflibla The wrist 
will then be bent towaids the fore-arm, and the firvt 
phalanges bent towards the metacarpus. If the patient 
attempts to close the hand the second phalanges will be 
flexed, and the third will remain extended: he cannot 
exercise any strong pressure. The cause of this weakness 
is the shortening of the flexors ; £)r if we bold the finit 
phalanges and the wrist extended, the patient can close 
the hand by contracting the flexors as when in a normal 
condition. Hereby is explained, how the bending of the 
two last phalanges renders a synergic contraction of the 
extensors necessary. 

Paralysis or atrophy of the flexor sublimis and pro* 
fundus digitorum does not prevent the bending of the 
first phalanges, this being powerfully performed by the 
interossei and lumbricales muscles. 

The action of the interossei muscles as extensors of the 
two last phalanges is modified by the tonic power of 
the flexor sublimis and profundus digitorum muscles; 
but if these are atrophied, then the two last phalanges 
will be extended by the interossei, and, indeed, the more 
so in consequence of the atrophy of the flexor muscles. 

Paralysis or atrophy of the interossei or lumbricales 
makes it almost impossible either to extend the two last 
phalanges or to bend the first phalanges, even if the long 
flexor or extensor muscles are entire. In a patient in 
whom the spaces between the metacarpal bones of the 
hand were quite hollow, the galvanization of the interossei 
and lumbricales muscles scarcely produced a perceptible 
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abduction or adduction of the fingers ; the muscles of the 
fore-arm contracted on being galvanized. If the patient 
extended the fingers, the first phalanges only were power- 
taUy extended, the two last phalanges being bent even 
when the wrist was flexed. If the patient wished to close 
the hand, the two last phalanges were powerfully con- 
tracted, whilst the first were but slightly inclined, so that 
he was only able to exert a slight presstu:e : this became 
more powerful on extending the wrist, because the flexors 
were lengthened at the commencement of the contraction 
and acted the more vigorously. 

Paralysis and atrophy of the interossei and lumbricales 
muscles materially change and influence the natural posi- 
tion of the fingers, proving that these muscles are the only 
antagonists to the extensors of the first phalanges and to 
the flexors of the two last phalanges. 

If the interossei and lumbricales muscles of the forefinger 
are palsied and atrophied, it still can be moved laterally 
by the extensor communis digitorum and extensor indicis 
muscles. 

If the forefinger is moved laterally we can feel that the 
tendons of these muscles are on the stretch. 

The fingers may be slightly ^parated notwithstanding 
the atrophy of the interossei by means of the extensors, 
which, as we have already seen, cause extension and a 
slight separation of the fingers. These motions will be 
feeble, as the separating and bringing the fingers together 
is chiefly efiected by the interossei muScles. 

The interossei muscles exert less force in separating 
than in bringing the fingers together: this fact is very 
important, as by it we can diagnose incipient weakness 
in them. Complete atrophy or palsy of these muscles is 
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indicated by the extension of the first and the flexion of 
the two last phalanges in making this voluntary move- 
ment. If we desire to bring the phalanges on a level 
with the metacarpus the first phalanges are extended 
by means of the extensor muscles, and the two last 
by the lumbricales and interossei. The interossei are 
imable to do this without at the same time flexing the 
first phalanges : to overcome this antagonism, the extensors 
must contract with equal force, and in so doing they sepa- 
rate the fingers powerfully. In paralysis or atrophy of 
the extensor ossis metacarpi poUicis and extensor primi 
intemodii pollicis, the first metacarpal bone is adducted, 
which materially interferes with the use of the hand, 
the thumb falling as it were into the hollow of the 
hand. 

If the extensor secundi intemodii pollicis is palsied, the 
first metacarpal bone will be more flexed than usual, as the 
extensor ossis metacarpi pollicis predominates; but this 
does not interfere with the motion in writing and draw- 
ing, as this muscle takes no part in these movements. 
The paralysis or atrophy of the abductor pollicis does not 
prevent the outer part of the flexor brevis pollicis from 
pressing the thumb against each finger ; but if its meta- 
carpal bone be not distant enough from the hollow of the 
hand, the tips of the thumb and fingers cannot be brought 
into contact without bending the last phalanges and extend- 
ing the first. The paralysis or atrophy of the flexor brevis 
pollicis renders it impossible to bring the thumb in con- 
tact with the last two fingers ; but if the abductor pollicis 
and opponens pollicis are unaffected the thumb can touch 
the two first fingers, and the hand be used in writing, &c. 
Jf, whilst the wrist and fingers are powerfully flexed. 
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we excite contraction of the extensors, the two kst, 
and then the first phalanges are extended. 

Since these experiments were performed, Cniveilhier 
has repeated the same on the dead body ; but, instead of 
employing galvanism, he pulled the muscles mechanically 
and obtained the same results. Bouvier* repeated Cruveil- 
hier's experiments, confirming all these statements. On 
examining the works of the older anatomists we find that 
Columbusf of Padua, a pupil of Vesalius, suggested in 
1559 that the lumbricales muscles were the flexors of the 
first phalanges and extensors of the two last. Thus early 
was the physiology of the muscles disputed by anatomists 
and physiologists, and tJieir functiona admitted to be ob- 
scure, if not wholly unknown. Localized galvanism, prac- 
tised either on the healthy or the diseased, has furnished 
us at last with the means of deciding on all the disputed 
phenomena of the living organisation. The function of a 
muscle in the dead body, attached by one extremity to an 
immoveable part, and by the opposite extremity to a bone 
or lever obviously moveable, may be determined at once 
by pulling the moveable lever and drawing it towards the 
fixed point, thus imitating the contraction of the muscle 
during life, and exhibiting a function which it must at one 
time have performed. Thus no one can possibly doubt 
the action of the gluteus minimus, the pectoralis major, 
the adductors of the femur, or of the pectineus. Even 
should it happen that the muscle whose functions we pro- 
pose determining after this rude mechanical fashion be 
attached by its two extremities to levers, both moveable, 

* Electricity Medicale. Rapport lu k rAcad^mie Imp^riale de 
Medecine, Paris, 1856. 
+ De re Anatomica. Venet. 1559. 
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as the case maybe, (as the muscle we caUhrachialisanticus 
flexor,) still there can exist no difficulty in the determina- 
tion of its functioQS by experiments made on the dead and 
dissected muscle ; but, as we have just seen, the method 
does not apply with any security as to the correctness of 
a result, to the complicated and numerous muscles actii^ 
on the fingers and metacarpal bones. Some anat(»nists, it 
is true, had suggested that, to enable the hand to execute 
the finer works of mechanics — ^to perfect, in fact, the nice 
adjustment of the fingers in the performance of such works, 
and to place each joint thoroughly imder the control of the 
artist or workman — ^the interossei and lumbricales had been 
especially superadded ; but these suggestions, though iur 
genious, do not furnish us with the rigorous demonstrations 
of the special fimctions of these muscles, demonstrations 
unquestionably first given by the discoverer of localised 
galvanization. The biological &ct, it is true, remains 
imaltered since its first appercu by Gralen : he, the earliest 
of human physiologists, pronounced the human hand to be 
perfect; he « had visited Egypt and lived in Imperial 
Borne, filled with the spoils of Greece : all that was great 
in art was before his eyes. On these monuments, the 
work of the human hand, the eyes of the million rested 
and were satisfied ; not so the anatomist, not so the scien- 
tific man : fix>m the contemplation of these labours the 
mind of Galen reverted to the mechanism of the instru- 
ment by which these works had been fashioned — that 
instrument he declared to surpass all its works, and he 
pronounced it perfect. 
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Physiology and Pathology of the Diaphragm, 

I should consider the view I have just offered of the 
action of localized galvanism on the nerves and on the 
muscles, directly and indirectly, as incomplete, were I to 
omit directing attention to certain facts made out by 
Duchenne respecting the most important of all the respi- 
ratory muscles — the diaphragm. 

Prior to the time of Galen, it would appear that ana- 
tomists recognised only one inspiratory muscle, the 
diaphragm. Galen was the first who challenged this 
opinion and endeavoured by that method which he may 
be said to have perfected, (experiment on living animals,) 
to prove the existence of other muscles as muscles of 
inspiration, and thus to limit the action of the diaphragm 
to the inferior ribs which, in his view, it elevates upwards 
and outwards. 

Vesalius was not more happy in his conjectures than 
Galen. Contradiction followed contradiction, until in the 
hands of Columbus and Riolan, although it must be ad- 
mitted that Biolan approached most nearly the truth, in 
respect of the forms which the diaphragm assumes during 
the actions of inspiration and expiration. At last came 
Borelli, who, though not an anatomist, first proposed the 
doctrine accepted by Winslow, Haller, and all modem 
physiologists. Borelli denied absolutely that any inspi- 
ratory action could be performed by the diaphragm un- 
assisted by the intercostals. Majendie endeavoured to 
revive the doctrine of Galen, who ascribed to the dia- 
phragm a power of elevating the ribs. Thus doubts 
remained up to the moment when localized galvanism was 
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discovered, as to the real action of the diaphragm as an 
elevator of the base of the thorax. 

The experimental researches instituted on the move- 
ments of the diaphragm by Duchenne had a reference to 
1st The movements given to the ribs, by the diaphragm, 
so long as this muscle preserves its natural relations with 
the abdominal viscera. 2nd. The same movements when 
the natural relations of contiguity between the muscle 
and the abdominal viscera no longer exist. 3rd. The 
mechanism of these movements of the ribs in either 
case. 

The first experiment w^as on man, made through the 
phrenic nerve. As the action of this] nerve is confined 
to the diaphragm, and localized galvanism enables us to 
act exclusively on this nerve, whatever phenomena follow 
must be ascribed to the diaphragm. Now, whether acting 
on the living body, or on those just dead, but in whom 
there still remained some irritability, the results were 
constantly the same ; as the diaphragm acted, the dia- 
phragmatic ribs were instantly raised on the side galva- 
nized, and on both sides when both phrenics were acted 
on. Now during this expansion of the thorax and 
elevation of the lower ribs, the intercostal and other 
muscles were completely relaxed, nevertheless the abdo- 
minal muscles were constantly contracted, a circumstance 
which cannot readily be explained. 

When in the animals experimented on, the abdominal 
viscera having been removed, the phrenics were galva- 
nized as in the preceding experiments, the ribs, elevated 
in the former case, were here drawn inwards or depressed. 
The diminution of the base of the thorax was chiefly in 
the transverse diameter. 
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Preceding his pathological inquiries by the electro- 
physiological experiments just alluded to, we next find 
Duchenne applying, with much ingenuity and great assi- 
duity, the information thus acquired to the most important 
branch of our art ; in other words, a series of observations 
followed on the atrophy and paralysis of the diaphragm, a 
subject most assuredly but little known, even to the most 
experienced. He found atrophy of this muscle to exist 
in a person affected with the progressive nmscular fatty 
atrophy which I shall afterwards describe: this patient 
died. In a second, the disease was arrested by local gal- 
vanization. In a third, who had been poisoned by the 
action of lead, paralysis of the diaphragm occurred: 
this patient also recovered. 

He foimd paralysis of the diaphragm to exist occa- 
sionally in hysterical persons ; at other times to be caused 
by inflammation of the neighbouring organs, as of the 
peritoneum, similar to what Laennec had proved to happen 
to the intercostal muscles in inflammation of the pleura : 
finally, he detected contraction or spasm, momentary or 
continued, of the diaphragm, thus proving that a spas- 
modic condition of the diaphragm in man is not an hy- 
pothesis but a reality. 

Thus has electro-physiology become in the hands of 
ingenious men, an instrument of research, superior, as it 
would seem, to all others. When Humboldt, in his 
minute dissections of some of the lower animals, used 
electricity as a test of the nervous or vascular character of 
the filament under his eye, he little thought that, in 
comparatively so short a time, he should witness its suc- 
cessful application, not merely to determine the functions 
of muscles, and the distinctive characters of nervous fila- 
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ment6» but to living man, in that direction which most 
interests mankind ; for if there be an art which transcends 
all others, it must simply be that which restores to health 
and vigour the lame, the deformed, aiid tiie incapable. 

Q-alvanizatwn of the Intemal OrgmiSy and cfthe Orgam 

cf Special Sense. 

Most of the internal organs admit of direct galvani- 
zation by means of pr<^erly constructed conductors ; or of 
indirect, by directing the current to the nerves supplying 
them. Suppose it be required to galvanize llie pharynx 
and gullet ; a metallic conductor partially covered with 
caoutchouc is applied to the pharynx, and an ordinary 
conductor, wetted, to the back of the neck. Great carfe ' • 
must be taken to avoid acting on the pharynx or gullet 
through the nerves they derive from the eighth pair of 
cranial nerves, lest dangerous irritation be excited. Tlie 
gullet may be galvanized in a similar manner. It is obvious 
that galvanization in this form is quite indirect, but no 
other is applicable. 

The muscles of Ae larynx, with the exception of the 
thyro-arytenoideus and crico-arytenoideus may be directly 
galvanized. The above-mentioned ccmductor is applied to 
the back of the larynx, whilst another wet conductor is 
placed externally over the region of the crico-arytenoideus 
posticus. And now the current being set in motion, the 
external conductor is moved up and down, by whidi 
means the crico-arytenoideus posticus, arjrtenoideus, and 
crico-thyroid muscles are direcUy acted on. 

Indirect galvanization of the larynx is a more simple 
operation. The conductor is applied to the sides of the 
inferior constrictor muscle of the pharynx, and dins the 



INTEBNAL OBOANS. Ill 

inferior laryngeal or recurrent nerve may be immediately 
acted on. This nerve supplies all the intrinsic muscles of 
the larynx, and is, in fact, their motor nerve. It may also 
be reached dirough the gullet 

The deptli at which the stomach, liver, lungs, and 
heart are placed, prevents their being acted on through 
the walls of the abdomen and thorax : but they may be 
indirectly galvanized by trananitting the current to the 
nervus vagus, or pneumo-gastric division of the eighth 
pair of cranial nerves, which may be reached through the 
pharynx or guUet, by a conductor placed therein. The 
extaat of excitement depends on the position of the con- 
ductor; that is, whether it be placed higher or lower in 
the pharynx or gullet : in other words, nearer to or fiirther 
from the central termination of the nerve. The circuit 
is rendered complete by placing one conductor in the 
pharynx or gullet, as the case may be, and another over 
the organ to be acted on. If the object be to act on the 
stomach or liver, a conductor should be placed as near as 
possible to the cardiac orifice of the stomach, whilst another 
is placed over the epigastric region. Symptoms of suffo* 
cation are easily induced, and thus the utmost caution is 
requisite in all these operations. 

A few remarks will suffice in respect of the application 
of galvanism to the organs of special sense. The elastic 
cushion of the distal phalanx forming the organ of the 
sense of touch, may be galvanized by applying wet con- 
ductors in the course of the collateral nerves of the fingers. 
By wet conductors placed on the eye-lids and the circum- 
ference of the orbit, the eyes may be galvanized. The 
instrument of hearing is excited in this way ; the meatus 
extemus is, in the first place, filled with water, and a 
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small conductor placed in it; another conductor is ap- 
plied to the nape of the neck. The membrane of the 
tympanum is extremely sensitive, which must be borne 
in mind by the operator. If a wet conductor be placed 
on the mucous membrane of the nostrils and another on 
the nape of the neck, and an electric current be kept up 
uninterruptedly, the sense of smell will be galvanized. 
Intermitting currents fail in exciting this organ. 

A conductor applied to the side of the tongue and 
another to the palate will be foimd equal to the galvanic 
excitation of the organ of taste. 

No general rules can well be given for the treatment of 
cases requiring the use of galvanism. The intensity of 
the current which suits one .patient may not be applicable 
to another ; like every other therapeutic agent, localized 
galvanization requires for its successful exhibition, an ex- 
perience to be derived from practice alone. These 
contributions, embracing an outline of the electro-phy- 
siological observations hitherto made on the nervous and 
muscular systems of living man, together with hints and 
cautions as to the employment of electricity in the healthy 
and diseased, will suffice, I trust, to explain to my readers 
the purely physiological part of my subject. A more 
interesting one remains ; the examination of the results of 
localized galvanization applied to disease. To this I 
propose devoting the concluding chapters of this wort 
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PART THE FIFTH. 



^ INTRODUCTION. 

We have already seen how science came on the field of 
inquiry, enabling the observer to distinguish fix)m each 
other, not only the various forms under which electricity 
may be developed, but also to acquire a distinct conception 
of other phenomena more or less remotely connected with 
it. We have also traced the progress of galvanic dis- 
covery down to the present time, and how from the mere 
contemplation of the phenomena of electricity however 
produced as something inexplicable and mysterious, science 
at last gave to practical men the mastery over nature's 
most powerful agent. The useful arts first benefited by 
the discovery, and the electric telegraph, threatens to alter 
the relations of the civilized world. Last, as was to be ex- 
pected, came its scientific use in a therapeutic sense. 

And now, notwithstanding the avowed difficulty of all 
biological inquiries, the curative powers of this agent 
have been proved by an amount of experience which 
must remove from the mind of even the most sceptical, all 
doubts as to the efficacy of a therapeutic agent over which, 

I 
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for the first time, the physician has now acquired a com- 
plete control. 

To the practical results of the application of electricity 
in the treatment of the^ diseases of the nervous and mus- 
cular systems of man, I now propose directing the atten- 
tion of my readers ; reminding them that what we treat of 
here is no longer the chance shock from a live torpedo, a 
Leyden jar, or from a dynamic arrangement sent rudely 
through the system, but the transmission of an agent, 
whose identity with the nerve-force may one day be 
proved, to parts and structures over which heretofore the 
most skilled physician admitted he had no control. 



CHAPTEE L 

Diagno%iB of Paralym. 

It has been often disputed whether a paralysed muscle 

can contract when acted on by an exciting agent. By 

the electricity of induction such questions are decided 

experimentally, and in a way admitting of no discussion 

or doubt. Dr. Marshall Hall,* to whom the medical art 

is greatly indebted for many useful practical suggestions, 

endeavoured to solve this question by the formula or 

thesis, viz., that in cerebral paralysis depending, of 

course, on lesion of the brain, or at least of the encephalon, 

the irritability of the muscles is increased, whilst in 

paralysis dependent on disease of the medulla spinalis or 

spinal marrow, it is diminished. The truth or correctness 

of this proposition was assailed by Drs. Todd, Pereira^t and 

* Medico-Chif . Transactions, Series II. vol. iv. 
t Elements of Mat. Med. and Therapeutics, vol. it 
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others, who disproved the general applicability of the 
thesis ; Duchenne, and, after him, Dr. Meyer* re-examined 
the whole subject* with great care ; they came to con- 
clusions hostile to Dr. Hall's the(»y, as we must now call 
it, and in the course of their inquiries, arrived at some 
important results, the chief of which I shall notice in this 
portion of my work. 

Electricity directed to a muscle in its normal state, 
excites, as we have seen, its contractility and sensibility ; 
these faculties must then depend on the same nerves pro- 
ceeding to the muscle, or at least on fibrils wrapt up in 
the same nervous fasciculus. On the integrity of these 
nerves, it is evident that the healthy contraction of the 
muscle also depends, and this fact has been repeatedly 
proved in traumatic paralysis : for a wasting or atrophy 
of the muscle is not invariably the result of a loss of 
voluntary power. Thus complex, even in the first step, 
do we find these biological questions which the physiologists 
of tlie last century thought to solve by hypothesis. 

The electro-musculai: contractility, that is, the power 
or faculty possessed by the muscle of being excited to 
contraction by electricity, and the electro-muscular sen- 
sibility, that is, the sensibility proved to be present in the 
muscle by the application of the electric current, are 
always united in a normal or healthy condition of the 
muscle. But in certain pathological conditions they may 
exist either isolated or be lost together, sometimes partially, 
sometimes entirely. Let us now consider the influence of 
electricity in the various forms of paralysis usually recog- 
nised by medical men. 

• Loc. cit. p. 81. 

I 
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CHAPTER IL 



S(Uurnine Paralym. 

This form of paralysis arises, as is well known, from the 
poisoning of the nervous system by lead. The affected 
muscles suffer in their electro-muscular contractility and 
sensibility, but it often happens that the first of these 
faculties may be greatly diminished, or even altogether 
lost, whilst the latter has been relatively but little weak- 
ened. It has also been noticed, that the degree or amoimt 
of injury sustained by single paralysed muscl^ varies 
exceedingly, whilst the order of succession in which they 
are attacked never varies. The first to suffer is the 
common extensor of the fingers (M. extensor communis 
digitorum), the indicator (M. extensor proprius indicis), 
the extensor of the little finger (M. extensor minimi 
digiti), and the long extensor of the thumb (M. extensor 
secundi intemodii poUicis), the long abductor of the 
thumb (M. extensor ossis metacarpi poUicis), the radial 
and ulnar extensors (M. extensores carpi radialis et 
ulnaris), lastly, the triceps extensor brachii and deltoid: 
but there are a few cases in which the deltoid muscle 
suffers the first and the most. Thus, the mischief falls 
heavily on the muscles supplied by the musculo-spiral or 
radial nerve; in attacking the deltoid muscle it shows 
that the circumflex or axillary nerve is then involved. 

When the common extensor of the fingers is paralysed, 
the proximate or first phalanx of the third and fourth 
fingers can no longer be extended : but the fore and little 
finger may, these having separate extensors. 

The supinators as well as the anconeus preserve; in 
general, their electrical contractility, as well as the muscles 
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in the interior region of the fore-arm and in the palm of 
the hand ; in the left arm especially. 

As regards the upper arm, the deltoid is more frequently 
attacked than the biceps; the pectoral muscles, the tra- 
pezius, and the muscles called supra and infra spinati, 
preserve almost always their electrical contractility. 

The muscles which lose their electrical contractility 
become soonest atrophied, and offer the most resistance to 
the influence of the therapeutical agent recommended. 

CW. — ^M. S. had tried a variety of remedies without 
deriving any benefit ; he now consulted Duchenne, who 
found, on examining the patient, that both arms were im- 
moveably fixed to the side ; that the fore-arm could only 
be flexed with considerable difficulty, and that the use of 
both hands was lost, the deltoid muscles atrophied, as well 
as the muscles on the posterior aspect of the fore-arm — and 
to such an extent that the skin appeared merely stretched 
over the bones. This patient, after being galvanized daily 
for three weeks, was able to raise his arms, and to flex and 
extend the fore-arm without difficulty. The flexors of 
the fingers and the interossei gradually gained power and 
development, and after six months' treatment he had com- 
pletely recovered. 

There is a curious fact in the history of saturnine palsy, 
which merits attention. A case of paralysis consequent on 
poisoning by lead presented itself, but the source whence 
the poison was derived could not at first be detected. At 
last. Dr. Meyer had the snuff used by his patient analysed, 
and it was found to contain the poisonous ingredient. Du- 
chenne had a similar case, and Dr. Baierlacher* makes 
mention of another : in consequence of such accidents, the 
packing of snuff in lead has been prohibited in France. 

* Yersammlung der Natorforscher und Aerzte. 1856 in Wien. 
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CflAPTER in. 

On PalikB restUtiftg frafn Lesions cf ih^ Medulla 
Spinalis or of the Spinal Nerves themselves } Trcmmatic 
Paralysis. 

Traumatic leAom of nei^es have, t^ an immediate tesult, 
patalysis as legatdfl liie powei* of the irill ovet the mtuioles 
they supply. The mus6tilai^ dei^bility is aldo mote or 
less weakened^ and even the electto-mtiscular contractility 
begins about the founh day after the aoeident to undelgo 
a diminution, and, al^r two or three weeks, when ^ the 
injury has been serere^ entirely disappears^ 

The paralysis, at fa^t confined to the muscles imme- 
diately supplied by the injured nerves, gradually extends 
to the other muscles of the limb ; nevertheless, these always 
tetain their contractility and their electric sensibility. 
Finally, the skin loses its sensibility at those points sup- 
plied by cutaneous filaments from the injured nerves* 

The phenomena just enumerated may be taken as tiie 
moi'e Usual accidents following a lesion of the nerves ; but 
they naturally Vary according to the importance of the 
nerves injured, and the degree or extent of the injury. 

It is exceedingly interesting to follow^ in a well-marked 
cade, the injury to a nerve, and the subsequent changes 
which take place in a limb. Thus, a man was wout^ed 
in the first days of June, in the revolutionary crisis which 
then disturbed Paris and France. A musket-ball passed 
through the left fore-arm, about the imion of the lower 
third with the middle third of the fore-arm. In its passage 
it broke the radius and injured what Duchenne ealls the 
radial nerve. 
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As the case is simple, and has been related with much 
brevity, I give it here in his own words ;* an analysis of 
it seems to me calculated to lead to conclusions somewhat 
at variance with the more generally received ideas on 
these pointa " At No. 12 of the ward St. Charles (la 
Charite) lay a patient who was wounded as described 
above. The ball traversed the arm from without inwards, 
penetrated the left side of the body, and sliding over the 
ribs, passed out also on the left side. In its passage it 
fractured the radius and injured at this point the i^al 
nerve. Four months afterwards, I first saw the patient 
and ascertained the presence of the following phenomena : 
considerable diminution of the size of the left arm, and 
especially of the fore-arm ; atrophy and paralysis of the 
muscles of the posterior region of the fore-arm and of the 
hand : loss of sensibility of the skin over the mesial line 
of the posterior aspect of the fore-arm and over a part of 
the back of the hand." 

It is difficult to conceive, as Duchenne remarks, how it 
happened that the muscles of the anterior region of the 
fore-arm, which in this case received their nervous sup- 
plies from-nerves uninjured, should have been struck with 
paralysis so complete. But if we admit the fact that an 
injury to any branch of a nerve, however low in its course, 
tends to draw in by sympathy the other branches of the 
nerve, although uninjured, we have, I think, in the dis- 
tribution of the radial nerve itself, a sufficient explanation 
of all the phenomena. For, not to allude to its coni^exion 
with the brachial plexus and the roots it derives from the 
sixth, seventh, and eighth cervical pairs of nerves, 
together with the first dorsal, this remarkable nerve, 

* Duchenne de Boulogne. 
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before dividing into its terminating anterior and posterior 
branches, gives off many twigs in its course ; some pro- 
ceed to the triceps extensor brachii, one to the brachialis 
intemus or flexor brachii : another remarkable branch to 
the anconeus muscle: still lower down a large branch 
proceeds to the integuments of the fore-arm ; sometimes 
this branch is double. It perforates the brachialis flexor 
(intemus), emerges between it and the supinator longus, 
passes behind the outside of the elbow and descends along 
the back part of the fore-arm and hand, as far as the 
thumb. Lastly, from the main branch of the nerve a 
branch is sent off to the supinator longus and long radio- 
carpal extensor. 

Of the two branches into which the nerve divides, the 
anterior branch, the one, no doubt, spoken of by Duchenne 
as the radial nerve, is mostly a cutaneous nerve, supplying 
with sensibility the radial side of the fore-arm and hand ; 
but it also furnishes twigs to the interossei muscles. The 
posterior branch of the radial, sends twigs to the supinator 
longus and extensores carpi radiaJes muscles, to the 
anconeus, the supinator brevis, extensor carpi ulnaris, and 
extensor muscles of the fingers : to the deep layer of 
muscles of the posterior region of the fore-arm, and to the 
integuments of the back of the fore-arm and hand. 

Need we be surprised then at the consecutive pheno- 
mena to the injury of a nerve supplying so many parts ; 
they are indeed exactly what we should have expected 
admitting the theory to be a correct one, that an injury to 
a nerve however low down in its course, is apt to draw 
into the circle of morbid sympathies, all or most of the 
branches belonging to the trxmk from which it has 
sprung. 
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Even the mere contusion of a nerve may give rise to a 
considerable diminution of contractility and electric sen- 
sibility in the muscles it supplies ; but as the consideration 
of this question would involve me in the entire subject of 
paralysis of the muscles from many other causes, I shall 
reserve this question, with others of great interest, to the 
chapter devoted exclusively to paralysis of the muscles. 
Then will be the most opportune moment to enter on cer- 
tain difficult questions regarding muscular action and 
nutrition, questions which have at all times exercised the 
ingenuity of the most profound physiologists. 



CHAPTEE IV. 

Cerebral Pardlym. 

We have already seen that Dr. Marshall Hall imagined 
that in cerebral paralysis the irritability, meaning, I pre- 
sume, the contractility called into play by electricity, was 
increased; but Duchenne and Meyer have proved by 
numerous observations, that the electro-muscular con- 
tractility and sensibility in such limbs remain perfectly 
normal : in cases of paralysis of long standing the cellular 
tissue has often disappeared, on which account the muscles 
of the affected will contract more powerfully than those of 
the healthy side. Similar results were arrived at in 
England, as may be learnt from the following notice in 
the * Medical Times :' — 

* In the summer of 1847, Dr. Todd submitted to a 
Society* the results of experiments tried with the view of 
testing the accuracy of Dr. M. Hall's dogma, that limbs 

• The Medico-Ghirurgical of London. 
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paialysed by lesion of the brain became more excitable 
than the healthy ones by the galvanic current, in conse- 
quence of an increased irritability of the paralysed 
muscles. The present communication comprises the 
results of experiments to determine the difference on the 
influence of the current according to its direction, and also 
to ascertain whether any real difference of physiological 
effect exists when the galvanic trough, or the magneto- 
electric or electro-dynamic machine, is used. Thirteen 
healthy individuals were subjected to experiment, and 
with the following results : — 

* 1st. That the obvious physiological effect was pro- 
duced only on completing, or on interrupting, the galvanic 
circuit. 

* 2nd. That more vigorous contractions were excited on 
the completion than on the interruption of the circuit. 

* 3rd. That the completion or the interruption of the 
direct current produced more vigorous contractions than 
the completion or interruption of the inverse current. 

* These experiments were made with a Cruickshank's 
battery, charged with very dilute sulphuric acid. The 
magneto-electric rotation instrument and the coil machine 
(electro-dynamic) were afterwards used, and it was found 
that the same effects precisely were produced, and the 
same variation in the intensity of the attractions, accord- • 
ing as the current was direct or inverse. Fifteen cases of 
hemiplegic paralysis, caused by lesion of the brain, are 
afterwards detailed. The results of the galvanic experi- 
ments on these cases were as follow : — 

' 1st. That of the fifteen cases, in only three was there 
any approach to a greater excitability of the paralysed 
than of the soimd limb, and that in two of these it was 
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manifested only Under the influence of the inverse 
current. 

' 2nd. That in three of the cases both the coil machine 
and the battery were used» and with precisely the same 
results ; and that, in one of the cases, the coil machine 
alone was used, and with a result which corresponded 
with those obtained in similar cases by the galvanic 
battery. 

^ 3rd. That in each of the three cases in which a 
greater excitability existed in the paralytic limbs, the 
paralysing lesion in the brain was more or less of an irri- 
tative kind« In one case^ the irritation was probably con- 
nected with an incipient process of cicatrisation. 

' 4th. That in many of the experiments all degrees of 
galvanic power were used, and with no other difference 
than that of degree ; the amoimt of physiological effect 
being exactly proportionate to the power of the galvanic 
stimulus.' 

When in apoplexies of long standing the cellular tissue 
of the paralysed limb has disappeared, offering thus less 
resistance to the electric current in its progress from 
the surface to the nerves and muscles, the muscles of the 
paralysed limb will be found to contract more power- 
fully than those of the imaffected limb, and even the 
sensibility or sensation connected with the contraction of 
the muscle will not unfrequently be more distinct. On 
the other hand, a thick hard skin as I have already men- 
tioned, contributes greatly in increasing the resistance, to 
the inducting currents. Meyer* found an increase in the 
thickness of the epidermis greatly to retard the cure of 
such cases» Thus it appears from a variety of circum- 

♦ Loe. cit. p. 87. 
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Stances, that each individual case has its peculiarities, and 
requires the most careful diagnosis and adaptation of the 
therapeutic agent. It even happens sometimes that an 
erroneous view may be taken of the actual condition of the 
limbs in the paralytic, whether normal or affected in con- 
sequence of the involuntary resistance offered by the 
patient to the electric current, and thus the affected limb 
being less able to offer such a resistance may seem to be 
in a worse condition than it in reality is. 

The evidence produced by Dr. Meyer in respect of the 
actual condition of the limbs in cerebral paralysis, seems 
to me complete. I might add my own testimony if 
necessary, to the results obtained by him fix)m direct ob- 
servation. In fifteen cases of cerebral paralysis, the 
electro-muscular contractility and sensibility of the para- 
lysed muscles were precisely as in the normal state. 



CHAPTER V. 



Rheumatic Paralym, ^ 

EheumATIC paralysis* originates in neuralgic and muscu- 
lar rheumatism, or from other rheumatic causes. In such 
cases, the electro-muscular contractility and sensibility are 
at times increased, and at other times diminished. The 
duration of the disease seems to exercise an influence in 
this matter, for in recent cases the electro-muscular con- 
tractility is normal, and the sensibility is evidently in- 
creased so soon as the electrical currents begin to act on 
the nerves and muscles of the affected part ; but in cases 

* Lawrance, Bheumatio and Paralytic AfiEections, p. 71. 
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of long standing, the contractility and sensibility are di- 
minished. It is a fact known to medical men who prac- 
tised formerly, when the only means of applying electricity 
to the body were sparks drawn &om the surface, and shocks 
transmitted through the Leyden jar, that in cases of long 
standing electricity seemed for weeks to have no eflfect on 
the patient ; but so soon as the sensibility and contractility 
became excited and acutely acted on by electric currents, 
patients could no longer bear the same strength of elec- 
tricity, and were occasionally cured in no great length of 
time. 

Duchenne notices a peculiar form of paralysis of the 
fore-arm,* which he considers as rheumatic, and which has 
its seat in the radial or musculoHspiral nerve. It seems to 
originate in a cold, and is seldom accompanied with pain. 
The electric contractility in such cases was always normal, 
but the sensibility was increased. 

In general, rheumatic paralysis is preceded by obstinate 
pains in several muscles ; and when the pains subside, the 
muscles may still remain paralysed. Now for the rheuma- 
tic pains, as well as for the paralysis and weakness which 
follow, there is no more powerful remedy than localized 
galvanism ; and these remarks apply not merely to recent 
cases, but to those in which all other remedial means have 
been used for months in vain. Bheumatic affections are 
often relieved and cured after a few applications, and 
nearly one himdred cases might be brought forward in 
proof of this assertion. By the cutaneous galvanization, 
the pain is relieved at once, and soon the patient is en- 
abled to use the muscles, for in point of &ct the voluntary 
contractility has not been absolutely lost. 

* Lawranee, loc. cii p. 144. 
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When paraljsk is present likewise, the currents must 
aIso be sent through the muscles affected; but the pains 
whidi harass such patients must in the first place be 
remoyed, and the treatment of the paralysed muscles by 
the same agent may then commence. 

Bheumatic coiifcraotioKi84( of the muscles occasionally give 
way so soon as the pains have been removed ; thus Torti- 
collis originating in a rheumatic cause, may be effectuidly 
cured by localized galvanism. So also may those cases of 
pcoliosas, or lateral curvature of the spine, which have for 
their cause a rhemnatic condition of the muscles. Du- 
chenne mentions a case in which this morbid condition 
seized the diaphragm, and asphyxia was the result. 

To overcome the contraction, or chronic spasmodic state 
of the muscles, their antagonists must be brou^t into 
play ; thus an artificially^contracted muscle or muscles is 
opposed to a morbid one, and the deformity disappears. 
Duchenne made his first essay on these diseased conditions 
in a girl who had a contracted state of the rh(»nboideus 
and levator anguli scapulae. His object was to bring the 
inferior angle of the scapula to the same level with the 
normally placed one, and he galvanized the antagonist of 
these muscles, namely, the serratus magnus. After several 
sittings, he succeeded in his object, namely, the restoration 
of the shoulder-blade to its natural position. 

In another case he also cured a wry neck, depending 
on a permanently contracted state of the clavicular portion 
of the trapezius, by exciting strongly the corresponding 
clavicular portion of the healthy trapezius. In such a case 
a surgeon would have divided, by a subcutaneous section, 
the morbidly-contracted muscle, but the treatment by gjd- 

*** L^wranoe, loc, dt. p. 14)7. 
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Vanism, if equally successful, is greatly to be preferredj 
The alteration in the shape of the vertebrae which may be 
presumed to be present in cases of long standing, presents 
in reality no obstacle to the cure. 

The same treatment has been foimd to answer in con- 
tracted muscles of the lower extremities. 

I have already spoken of the paralysis of children, and 
of the paralysis from atrophy, as well in children as in the 
adult : my own experience of the effects of the remedy in 
scoliosis is as yet but limited. Certain it is, that many 
deformities, whose causes have hitherto been deemed 
exceedingly obscure, originate in a morbidly-contracted 
state of certain muscles, the remedy for which is to call 
their antagonists into action. I beg leave to direct the 
attention of surgeons to this point, in hopes o£ inddcing 
them to give a trial to a method of treatment, which, 
though occasionally tedious, and unattended by the ^lat 
of a brilliant operation, may yet prove in the end to be 
preferable to the varied, uncertain, and capricious practice 
hitherto employed in the treatment of these deformities. 
On this head I may refer the reader to the researches of 
Dr. Eulenburg,* of Berlin, who says that of 300 patients 
affected with scoliosis, or lateral curvature of the spine, 
264 suffered from an unequal action of the corresponding 
muscles on both sides of the body,t an opinion corrobo- 
rated by Wunderlich and VidaLj The horizontal posi- 
tioQ, though observed for years, will never improve this 
condition of the muscles, whether it be the cause or the 

♦ Med. Jahrb. Bd. 90, Hft 1. 

t A Manual of the Nervous Diseases of Man, by Dr. Bomberg, trans- 
lated by E. H. Siereking, M.D.. vol. u. p. 327 ; alio Vidal Lehrbueh 
der Chir. & Opeiat., revised by Dr. Baxdelebeo. 

J Handb. d. PathoL & Therapie. 
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sequel of the deformity ; neither can this be effected by 
machinery. The subject is one no doubt of great diffi- 
culty, even as regards the loss of bulk in what may be 
called the normal muscles, or those of the opposite side to 
the contracted. 



CHAPTER VL 
Systerical Paralysis. 



Ik this form of paralysis the electro-muscular contractility 
is always normal, but the muscular sensibilily either 
greatly diminished or wholly gone. The skin partakes 
of this loss of sensibility. Localized galvanization proves 
that in the muscles unaffected by the attack, the sen- 
sibilily and contractility are quite normal, whilst those 
attacked by the disease are wholly insensible. That the 
inseusibilily of the paralysed muscles is not due to an 
anaesthesia of the integuments is proved by this, that 
under an insensible skin, the unattacked muscles were 
quite sensible when roused to action by the electrical 
currents. These attacks of insensibility of the skin and 
muscles most commonly follow a hypersesthesia of the 
same parts, as if they had been exhausted by the previous 
sur- excitement. The power of volition sometimes re- 
turns whilst the sensibility may still be absent. These 
peculiarities in the history of this affection may be best 
illustrated by a few cases. 

Case 1. — A patient who had been for some time subject 
to hysterical attacks suddenly felt violent pains in the 
shoulder without any assignable cause, followed by cu- 
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•taneous hyperaesthesia, and terminating in insensibility of 
the skin and muscles ; she was not in the least conscious 
of a sharp blow on the shoulder, and the muscular strength 
gradually diminished. A strong galvanic current was now 
applied to the muscles of the shoidder, causing them to 
contract powerfully without the consciousness of the 
patient* Sensation in the other muscles was normal, the 
skin of the right lower extremity was in some parts com- 
pletely insensible ; but the muscles were not paralysed, as 
a weak current. suflBiced to induce powerful contraction in 
them, and the electro-muscular sensibility appeared to be 
quite normal 

The want of the muscular sensibility, on being galva- 
nized, did not depend upon cutaneous anaasthesia, as the 
galvanization of the healthy muscles produced in them 
healthy normal sensations, although the superlying skin 
was completely insensible. Ansasthesia of the skin and 
muscles followed a former e:^isting hyperaesthesia at the 
same place, which often takes place in hysterical persons. 
Sometimes the anaesthesia extends so deeply, that even 
the periosteum loses its electrical sensibility. 

In general the voluntary movements are lost, but they 
may return, without the sensibility at the same time 
Reappearing. 

The therapeutic influence of localized galvanism over 
hysterical paralysis is not imfrequently most rapid in ita 
action, but unfortunately we cannot rely upon its results 
being equally beneficial in all cases ; for, whilst frequently 
in many of a very obstinate character a most successful 
cure has been accomplished, it has totally failed in others 
of a similar nature : hence fixed rules for the prognosis 
and t^reatment cannot be deduced firom former observations; 

E 
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As a general rule in hysterical paralysis^ we must direct 
the electrical irritation to the affected organs individually, 
and continue the treatment £)r some time after the return 
of the voluntary motions, in order to establish the cure. 

Ca»e 2. — M. £. was suddenly seized with hysterical 
convulsions, which recurred every two or three months. 
The patient complained of a heavy shooting pain in the 
head, a sensation of continuous closing of the throat, pain 
in the chest, in the left side, above the pubes, and in the 
region of the lower dorsal vertebras, pain on pressure on 
the shoulder and lumbar region, insensibility of the skin 
of the left side of the back and face, also of the limbs, 
which had previously been very sensitive and painful; 
insensibility of the lining membrane of the eye, nose, and 
mouth, on the left side, and on the same side weakness of 
sight, loss of smell and taste. There occurred also a loss 
of seoasation in the pahn of the hand and sole of the ibot. 
For the last six or seven months the patient complaiiKed of 
muscular debility in the left arm and feet ; she dragged 
her feet in walking, which now became difficult, or almost 
impossible.. After exhausting all the usual remedial 
means, galvanism was resorted to on the 10th of October. 
By a few applications of five minutes' duration sensation 
was restored to the face : the mode of application was by 
cutaneous irritation with the electric hand. Very powerful 
currents, when applied by means of the metallic brushes, 
excited at first no sensation in the skin of the arm ; the 
irritated parts, however, soon became red and hot, whilst a 
slight tickling, pricking, and lastly an insupportable burn- 
ing sensation was felt 

The sensibility of the skin was restored at the irritated 
points, and became imiform afiber the electrical irritatioiL 
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Sensation in the tips of the fingers, on irritating them 
with a wet conductor, was re-established in ten minutes, 
emibling the patient to distinguish pins from needles bj 
the touch. 

Oct. 12 : Betum of the menses after three months' ces- 
sation. The muscles were galvanized ¥rith very powerfid 
currents, but still the patient did not feel the stimulus in 
the insensible parts, and it was onlj after a continued 
application that the electro-muscular sensibility returned, 
and she was now unable to bear even a weak application. 
Nevertheless, the skin remained insensible. If the sensi- 
bility of the skin was excited at one pcnnt, the muscle 
immediately beneatii became of itself sensitive. The 
sensibility was quickly restored in the left foot. The 
patient now feels the floor, but cannot walk, not being 
able to lift the foot owing to a sensation of weight in the 
calf of the leg. 

During the night the patient had two fresh hysterical 
attacks, and the whole body, with the exception of the 
lef)i foot, again became insensible. A slight electro- 
cutaneous irritation sufficed to arouse the sensibility. 
Violent pains occurred in the head and chest after this 
attack, which however completely disappeared lifler the 
galvanization. 

Nov. 1 : Muscular galvanization for ten minutes. In 
order to establish the cure, the electro-cutaneous irritation 
was repeated from time to time. 

Nov. 10 : Several hysterical attacks, which lefl no in- 
sensibility. 

Nov. 24 : Sensibility of the skin normal throughout, 
and the patient has power over the muscles of the ex- 
tremities. The menses appeared for the second time^ 

K 2 
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though slightly. The patient waa visited some months 
jafterwardsy and continued well. 

Sometimes a single electro-cutaneous irritation sufKces to 
cure hysterical paralysis, even when other means have £Eiiled. 

lit many hysterical patients the loss of sensation is 
greatest on the left side, and is especially accompanied by 
muscular debility in the left arm. The electro-cutaneous 
irritation seldom fails in these cases to restore the normal 
muscular power. In other cases, sufficiently numerous, 
the electro-cutaneous irritation appears to exert a greater 
effect than the muscular galvanization, most probably 
owing to a kind of reflex action. It is impossible to 
specify fixed symptoms (by the observation of which it 
may be decided) whether hysterical paralysis will be cured 
or not by galvanism; but, reflecting on those obstinate 
cases which have yielded to the therapeutic power of elec^ 
tricity, a great degree of confidence naturally arises in the 
use of this remedy, though it is occasionally shaken by its 
total failure in cases which seem precisely similar. Gal*- 
vanism appears most suited to the paraplegic form of 
hysterical palsy. Duchenne says that, in one hundred 
cases, he cured fifty, after every other method of treat- 
ment had failed. Electricity is usually resorted to as the 
ultima spea, and the number of cures effected by it would 
in all probability be much greater were it employed under 
the same conditions as other remedies. It is known that 
hysterical paralysis assumes different forms. Briquet has 
shown that the greater number of cases of paralysis of 
motion, of cutaneous hypersesthesia, anaesthesia, paralysis 
of the senses, of hearing, smelling, taste, nearly . always 
affect the left side : often, indeed, the paralysis is general, 
^d sometimes it is confined to the lower extremities. 
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The sensation caused bj the electrical irritation, even 
when it is not very painful, appears to those not accus- 
tomed to it so peculiar, that it may give rise to hysterical 
attacks ; the more so as the imagination always excites a 
dread of such applications. It is necessary therefore to 
commence with very feeble currents, to accustom the 
patient to the remedy. A decrease of muscular sensibility 
requires the application of rapidly intermitting currents, 
which act upon the sensibility, and at the same time call 
out the return of the movements. This form of muscular 
galvanization is not always practicable in the hysterical, 
amongst whom many patients can bear the strongest and 
inost painful muscular irritation, if the intermissions are 
but slow ; rapid intermissions, on the contrary, always in- 
ducing an attack of hysteria. 

We should in general direct the irritation to the indi- 
vidual paralyzed muscles, without, however, neglecting 
the irritation of the nervous trunks. The excitement of 
the cutaneous sensibility is at times equal to the cure of 
hysterical paralysis* This is particularly the case when 
the cutaneous sensibility is very considerably diminished. 
Therefore we should only employ the electro-muscular 
galvanization during the first two or three sittings, in 
order to judge of the eflfect of this method of irritation on 
muscular paralysis. Should this yield considerably to the 
treatment, we may combine the local muscular galvaniza- 
tion with the electro-cutaneous irritation. If no improve- 
ment results in the condition of the paralysis, we should 
then apply the localized muscular galvanism, and the 
painful electro-cutaneous irritation will then be only re- 
quired for the restoration of the sensibility of the skin. 
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CHAPTER VIL 

General BemarJu. 

Paralysis may be divided into two classes, according to 
the amount of electro-muscular contractility which re- 
mains in the affected muscles; in one class the electro- 
muscular contractility is diminished or lost ; in the other 
it is imaffected. To the first class belongs paralysis conse- 
quent on injury of the spinal marrow, of the spinal nerves, 
and of saturnine paralysis, or that caused by the poison 
of lead, and the paralysis which Duchenne caUs vegetal. 
To the second class belongs cerebral paralysis, (originat- 
ing in injury done to the brain by apoplectic effusions of 
blood, tumours, softening, &c.), rheumatic and hysterical 
paralysis. 



CHAPTER Vin. 



On the Treatment of Parcdym^ and of Rheumatic and 
other Contractions by Localized Galvanization. 

By &r the most important part of our subject is the treat- 
ment of the varied forms of paralysis and other diseases 
and injuries of the muscular and nervous systems by this 
new therapeutic agent. In this section I shall consider 
many pathological conditions, which may perhaps, be best 
treated of, or at least in a more interesting way, when 
discussing the success or the &ilure of the remedial 
means. 

All experience teaches us that in the treatment of these 
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diseases appropriate remedies and diet must and ought to 
be combined with the local galvanization, nor should we 
trust wholly :to one remedy. Constitutional and other 
affections are often combined with nervous and rheu- 
matic diseases, and to these appropriate remedies ought 
to be applied. As our experience extends, so will 
no doubt the number of diseases, to which electricity in 
its new and most successful form, can be applied ; but I 
here purposely avoid speaking at any length, of such 
diseases, convinced that there is no surer method of 
injuring the reputation of a remedy, than the claiming for 
it a imiversality of power ; admitting, however, that in 
the case of such an agent as electricity, we might stand 
excused in claiming £ot it effects commensurate with its 
extraordinary powers. 

Traumatic Paralym of the Mixed Nerves. Electrical 
Symptomatology. — ^Every traumatic injury of the mixed 
nerves causes a more or less important disturbance in the sen- 
sibility, contractility, and nutrition of the muscular system, 
supplied by the mixed nerves, over which the voluntary 
powers of the mind are chiefly exercised ; in other words, 
in those muscles which generally act by our will and with 
our consciousness. The principal symptom of this form 
of paralysis is the decrease, or even the loss of the elec- 
trical contractility and sensibility as proved by the ap- 
plication of localized galvanization, the sure and unerring 
test of every diminution in these faculties. I shall con- 
sider this matter under the heads of — 1st. Electro-muscukr 
contractility. 2nd. Electro-muscular sensibility. 

I need not recall to the recollection of my readers the 
presumed and generally admitted functions of these 
nerves. They exist within the cranium as well as with- 
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out, the fifth pair of cranial nerres, being in some measure 
the type of the system. 

1. Electro-muscular contractility. When the injury 
done to a mixed nerre is deep and of a serious character^ 
involving all the primitive fibres, the muscles receiving 
branches from the injured nerve likewise lose their 
contractility. But there is something capricious imder 
these circumstances which our knowledge of the physi- 
ology of the nerves does not fully explain ; the power of 
the will over the muscle is at once lost, and speedily the 
electrical contractility ; but some fibres will show it whilst 
others have lost it altogether. Sometimes, and this is 
most difficult to imderstand, certain muscles lose a portion 
of their electrical contractility, but preserve the voluntary 
motions. On the other hand, in other cases, the afiected 
muscles preserve sometimes their normal electrical con- 
tractility and lose what may be called their voluntary con- 
tractility. In such cases we must infer from the results, 
that the nerves could not have been seriously injured, 
as the paralysed muscles speedily recover their voluntary 
contractility. An hypothesis may also be offered here in 
the absence of a rigorous demonstration, viz.; that when a 
nerve is seriously injured, the mobility is not cmly affected 
in the muscles it directly supplies, but also in others whose 
nerves have not been injured. In a case of injury to the 
nervus ulnaris which was bruised, the muscles supplied 
by other nerves became also paralysed. 

2. Electro-muscular sensibility. This faculty suffers 
less in muscles whose nerves have been thus injured than 
the faculty of contractility. Thus in luxation it sometimes 
happens that, although the nerves of the arm have been so 
injured as to lessen their contractility, the sensibility may 



TRAUMATIC PARALYSIS* 137 

still remain in a considerable degree, as proved by localized 
galvanization: in &ct, the injury must be serious and 
deep before the muscles lose their sensibility to electric 
action. The cutaneous sensibility is still less affected, and 
ifi many cases, it continues almost normal; and accord- 
ingly it speedily returns under the influence of electricity. 
Occasionally, however, the cutaneous and muscular sen- 
sibility are both destroyed or completely extinguished. 
In such a case it may be inferred, that there exists no 
longer any communication between the nerves of the 
paralysed limb and the spinal marrow and brain, or 
cerebro-spinal axis, and the prognosis is then most un- 
&vourable. 

By local galvanization the condition of the paralysed 
muscles in traumatic lesions of the nerves may be \m- 
erringly diagnosed, and by this method only. !3esides, 
we have the history of the case, and can trace it to a con- 
cussion, luxation, contusion, or other injury. But occa- 
sionally real traumatic paralysis exists when its cause 
cannot be detected, as in the case of exostoses or deep- 
seated tumours.* If the electric contractibility be dimi- 
nished in the paralytic muscles the case is one of traumatic 
injury to the nerves supplying the paralysed muscles ; 
if the electro-muscular contractility continues, then it is a 
case of cerebral, rheumatic, or hysterical paralysis, for in 
these the electro-muscular contractility remains unaffected. 
It is not so easy to distinguish saturnine from traumatic 
paralysis ; but even here, supposing the case to be one of 
paralysis in the muscles supplied by the radial nerve, the 

* From some late pathological inquiries I have reason to believe 
that many cases of atrophy, contraction and paralysis of the limbs, 
supposed to originate in a traumatic cause, have in reality a rheumatic 
origin simply. 
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same musdes would, no doubt, be affected in both, but in 
a different order, and this order of succession, as I have 
already explained, is characteristic of saturnine paralysis, 
in a diagnostic point of view. 

Slight cases of local paralysis have been known to follow 
an injury done to nerves by the arm or limb having been 
retained too long in a painful twisted posture as during 
sleep. Such may be classed with traumatic paralysis. 
They yield readily to localized galvanization. They 
occur, I think, not unfrequently in the aged, and not- 
withstanding the advanced years of the patients, might 
generally be remedied. 

Muscles which have lost their electrical sensibility and 
contractility inevitably become atrophied; but this does 
not in every case prevent the recovery, although in such 
oases the prognosis must always be unfavourable; but 
when the electric-sensibility remains, there is better hope 
for recovery. Both the diagnosis and prognosis must thus 
be regulated by electrical experimentation. 

It is now generally admitted that nerves, when divided, 
re-unite ; and if the cicatrix be not precisely of the same 
nature as the original nervous fibril, it at least offers no 
resistance to the influence, whatever it may be, which 
passing from the cerebro-spinal axis gives to the muscles 
their sensibility, perhaps also their contractility, and 
regulates their nutrition: when this cannot take place 
through the cicatrix, the nervous influence, like the 
arterial blood, finds other channels whereby to reach the 
paralysed muscles. Thus the case is not hopeless, even 
under such unfavoxwable circumstances. 

Therapeutic effects of local Galvanization on the IVau- 
matic Paralysis of Mixed Nerves. — Paralysed limbs which 
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at first are infiensible^ become senmtiye as the local gal- 
vanization proceeds^ and a hypersesthetic or excited state 
is a sure proof of an approaching recoverj. I have already 
remarked that this fact was known to the ancient electri- 
ciansy derived £com what they saw take place in the severe 
rheumatic paralysis with contracted and distorted joints, 
usually described as caused by rheumatic gout, aided by 
exposure to cold and hardships. Local galvanization 
quickly removes the pains which accompany such cases at 
all times, and which are especially excited by attempts 
made to move the joints. The increased sensibility 
spoken of above, disappears on a return of the voluntary 
power over the muscles. 

It is a remarkable feature in the history of traimmtic 
paralysis, that this form of paralysis is firequently, if not 
uniformly, accompanied with a sinking of the temperature 
of the limb, to an extent occasionally of 5^ or 6° difference 
between the healthy and the affected limbs. The patient, 
mcH'eover, complains of a sensation of cold in the paralysed 
limb. When the lower extremities are the seat of the 
disease, the circulation is imperfect, the sapha^na as it 
were, contracted, and the skin bluish and oedematous. By 
local galvanization these symptoms quickly disappear, 
often indeed after a few applications. The therapeutic 
effect of galvanism acts more slowly, it is true, in the 
restoration of the nutrition of the limb, but even over this 
it at last exercises a restoring influence. 

JEffects of Electricity en Muscular dmtractility. — It is 
usual for the voluntary power to precede the return of the 
tonicity of the muscles. Thus, under the influence of 
local galvanization, in cases where the paralysis depends 
on an injury to the radial nerve, the fingers may be seen 
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to extend and the wrist to be raised or extended long 
before the patient can act thus volimtarily. The cure 
takes place, first in the muscles nearest the centre or 
larger trunks of the nerves, and the order of the return of 
the functions is first the hyperaesthesia of the muscles, 
next the nutrition, then the tonicity appears, and lastly 
the voluntary power. 

It is a singular and anomalous circumstance in the 
history of these pathological conditions of the muscles, 
that occasionally the voluntary power may have returned 
yrhilst the electro-muscular contractility may continue lost 
for a long time ; and yet this contractility is present in 
persons recently dead. 

Duration of the Treatment. — ^The average period neces- 
sary for the treatment of traumatic paralysis has been 
estimated by Duchenne, Meyer, and others at three 
months, but many cases require several years ; my own 
experience confirms this view: even when it fails in 
e£^ting a cure, it greatly alleviates the suffering of the 
patient, and seems to delay, if not to prevent altogether, 
those sad results which are sure to follow when the dis-t 
ease is left to take its own course. 

Time of Application. — Formerly the opinion prevailed 
that the application of electricity to the paralysed muscles 
soon after the coming on of the disease, might con- 
tribute to prevent the atrophy sure to follow such ac- 
cidents. Experience has shown the opinion to be un- 
founded and erroneous. The electrical agent cannot in 
any way replace the nerve-influence, or prevent the 
coming on of atrophy : the speediest application possible 
of electricity in any form fails altogether in preventing 
the coming on of atrophy in muscles whose nerves have 
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been deeply injuied. But after a period of six or ten 
months, the muscles begin again to be nourished and 
developed, and this so constantly that Duchenne at last 
drew the conclusion, that the remedial effect of local 
galvanizatioQ was speedier in old cases of traiunatic 
paralysis than in recent ones. So long, indeed, as the 
atrophy is proceeding, it would seem that the local gal- 
vanization of the muscles is useless, or even hurtful ; but 
there comes a moment when the treatment may be com- 
menced with a prospect of success. The following rules 
in respect of this important matter have been laid down 
by the experienced physicians so often referred to 
throughout these Contributions. 

1. In traumatic paralysis, not accompanied with a loss 
of the electro-muscular contractility, the treatment by 
local galvanization cannot be commenced too soon. 

2. In those cases wherein the electro-muscular con- 
tractility has been lost or greatly diminished, it will be 
preferable to wait from four to ten months before com- 
mencing the treatment, and always the longer in propor- 
tion to the diminution of the muscular sensibility. Again, 
every muscle must be galvanized according to the actual 
condition of its electrical contractility, sensibility, and 
nutrition. A strong and quickly striking current is to be 
transmitted through muscles which are much atrophied, 
insensible, and but little cx)ntractile. 

The duration of a sitting may be limited to ten or fit 
teen minutes ; to a single muscle the application for the 
space of a minute is often sufElcient. A good deal of mani- 
pulative dexterity, combined with a careful previous elec- 
trical exploration of the individual muscles, is essential to 
the successful treatment of every case. It is needless to 
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say that, as in all practical arts, this can onlj be acquiied 
by experience. 

It were easy to support the preceding obserrations by 
numerous cases which have occurred in the practice of 
Duchenne, Meyer, and myself; I shall allude, however, 
to but a few, and in preference, sdiect those which seem 
to me best calculated to elucidate and give support to a 
rule of practice. 

After luxations of the humerus, it occasionally happens 
that the patient does not recover the use of the limb ; that 
although the reduction be speedily and onnpletely effected 
without any unnecessary violence, and even with much 
dexterity on the part of the surgeon, the limb begins to 
waste away, whilst the patient has lost over it all voluntary 
power. A case of this kind occurred in the practice of 
M. Duchenne. Despite the application of local galvaniza- 
tion in the hands of the inventor of the method, the 
atrophy of the limb continued to make progress, until the 
muscles of the arm and fore-arm lost their rounded out- 
lines, and resistance and firmness under pressure: the 
hand was withered up ; the thenar and hypothenar 
eminences in the palm of the hand disappeared; the 
tendons of the flexor projected in the hollow of the hand, 
and on the back of the hand were deep furrows, showing 
the atrophied or wasted condition of the interossei. The 
muscles of the shoulder showed a somewhat less develop- 
ment than those of the arm. 

During the treatment, the deltoid recovered first; a 
sur-e^citement of the nerves of the arm followed; soon 
afterwards the same took place in the fore-arm, and now 
the voluntary power began to appear first in the region of 
the wrist joint : the first movement of this kind observed. 
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wras the bending of the wrist, and of the two dist^ 
phalanges of the fingers, next the extensor of the proximal 
or first i^knges, the extensor of the thumb, and lastly 
those of the wrist. In a few months more the supinator 
longus had recovered its full development and power; and 
yet these muscles did not as yet contract under the influ- 
ence of the strongest electrical currents, showing the 
volimtary contractility to be distinct frotn the electrical 
and yet capable of being restored by local galvanization. 
The accident occurred in February, 1850 : in February, 
1852, besides great improvement of the muscles of the 
arm and fore-arm, the interossei had regained their power 
over the phalanges, and the ball of the thumb was also 
being again developed; but still the movements of the 
limb were not complete ; the limb was cold, showing how 
much the capillary circulation had suffered. The patient 
finally recovered the use of his limb to a great extent. 
The muscles of the hand were the last to recover. 

It were interesting, did time permit, to follow the appli- 
cation of the new method to those injuries of the shoulder 
and other joints in respect of which it is admitted that the 
pathology is most obscure, and the treatment by the ordi- 
nary means all but useless. I allude to the train of 
symptoms and pathological changes following a blow on 
the shoulder, symptoms which have puzzled the best 
anatomists and pathologists, and what is still more unfor- 
tunate have defied generally all the ordinary therapeutic 
means. With the outline of one such case, I shall con^ 
elude this view of traumatic paralysis. 

Bui before proceeding, it is but doing justice to Dr« 
Duchenne, candidly to admit how minutely and carefiilly 
he watched each case; the result was the discovery of the 
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true action of many muscles, and more especially of the 
interossei of the hand. Bespecting the true functions of 
these muscles anatomists, as we have seen, had been 
always in doubt, and the matter had been debated since 
the times of Vesalius and Columbus of Padua. A single 
well-conducted, well-observed case of paralysis of the arm, 
enabled Duchenne to decide this long-disputed point. 

A man named Haumont, ast. 45, was struck on the 
shoulder by a woman falling on him from the fourth floor. 
On awaJdng from the stupefaction caused by the blow, he 
felt neither pain in the shoulder, nor any inability in the 
use of his arm ; but on the next day he could not abduct 
it or remove it from the trunk, and on being taken to the 
hospital, the surgeons diagnosed an injury done to 
the nervus circimiflexus humeri. For two months he was 
attended to in the hospital with no benefit, and in the 
October following the injury, he first applied to Duchenne. 
On examination it was found that the deltoid muscle was 
becoming atrophied; there was pain in the limb; the 
movement of abduction, and I presume, of extension or 
elevation, was lost ; the flexion of the fore-arm was diffi- 
cult : a feeling of cold in the shoulder, but the sensibility 
was normal. On the local application of galvanism, it was 
ascertained that the two anterior thirds of the deltoid did 
not contract when galvanized; the remaining third con- 
tracted, though not so strongly as in the normal state. The 
supinator longus had lost much of its electrical con« 
tractility. The remedy was now applied as strongly as 
possible, and in two months the cure was complete ; but 
the deltoid muscle had not in six months recovered fiilly 
its electrical contractility. 

Cases of complete paralysis of the deltoid muscle not 
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unfrequently present themselves to the surgeon, in which 
the muscle has become paralysed as it were without a 
cause. On exploration with localized galvanism, it will, I 
think, be discovered that in such cases the paralysis is not 
confined to the deltoid, but includes other muscles, as the 
trapezius, the pectoralis major, the serratus magnus, wholly 
or partially. 

Such diseases have been known to come on suddenly 
during sleep, even in middle-aged persons. It is not 
unusual for physicians to ascribe them to some cerel»ral or 
intracranial affection, but to test such a diagnosis we have 
only to apply local galvanism, and ascertain by its means 
the exact condition of the nerves and muscles. In 
cerebral paralysis, the muscles retain their electrical con- 
tractility, and do not become atrophied : in the cases I 
now speak of the muscles affected lose at first more or 
less completely their electrical contractility, and become 
atrophied. 

It has happened that an exostosis from a syphilitic 
origin or otherwise, has proved the exciting cause of such 
a disease as the one last alluded to, by injuring the brachial 
plexus. 

The benefit to be derived from localized galvanism is 
not confined to such cases as I have just described : it has 
been used with much advantage in paralysis of long 
standing, caused by necrosis and abscess of the humerus. 
In one such case, the disease had existed for several years ; 
notwithstanding, the patient recovered perfectly the use of 
his arm. I prefer mentioning these cases to others, be- 
cause most of them were treated in public hospitals, and 
in presence of many distinguished surgeons. 

One of the most remarkable was a patient of the name 

L 
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of Musset, aged 2d, whose right fore-ann had been 
injiiied by maohinery, and who had in consequence loit the 
use of his hand. Four years after the accident, and after 
the failui!e of all other treatment, he was placed under the 
care of Duchenne in the hospital La Chaiite, where in 
time he so recovered the use of his hand as to act as a 
clerk to Duchenne. The treatment was continued for 
nearly four years, but this slowness of recovery was un- 
doubtedly due to the frequent interruptions of l^e appli«> 
cation. A recovery under such circiunstances constitutes 
one of the most remarkable cases in suigeiy • 

The treatment has been equally successful after gun- 
shot accidents, and cases are given in support of this 
statement. One &ct comes out promii^ntly from the 
numerous details I have examined, namely» that time 
alone does little or nothing for such cases. ^ Expectant 
surgery ' is here of no avaiL 

The treatment of the saturnine paralysis is to be con^ 
ducted on the same principles as the traumatic ; the sit- 
tings are not to be extended be3rond ten to fifteen minutes^ 
and the electricity transmitted through the nerves affscted, 
by quick intermitting currents. 



CHAPTER IX. 

On Paralym caused by Cerebral Apapleasy, 

Of all the cases of paralysis to which electridty has been 
applied, those originating in cerebral haemorrhages have 
proved the most untractable, and the same may be said fif 
liemiplegia originating in a disordered state of the cerebro* 
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sfnnal axis, in which, however, the mental faculties have 
not at any time been disturbed. Nevertheless it is certain 
that many paxalyses caused by cerebral hsemonhages have 
been cured, and others greatly improved, by electricity as 
BOW employed. On the other hand, a spontaneous cure 
takes place in many cases, commencing first with the 
lower extremities, and exteziding thereafter to the arms. 
M. Duchenne commences his treatment after the lapse of 
fi>ur or five months fix>m the time of the apoplectic attack, 
by which period it is hoped that the effused blood may 
have been mostly absorbed. The results were as 
follows : — 

In a twentieth part of those treated for cerebral 
paralysis, the cure by electricity was complete ; in about 
a fourth part of the whole number, the patients were im- 
{»roved, but generally no visible change could be per- 
ceived. The reason of this want of success depends no 
doubt on the unfavourable pathological condition of the 
organ injured. 

It was remarked, that those patients who did not suffer 
from a contracted state of the flexors, in addition to the 
paralysis, were quickly improved, and even ciu'ed by 
localized galvanism; but it was the reverse with those 
who exhibited such a symptom. In all cases, great cau- 
tion must be used in applying electricity, for it has hap- 
pened that a new apoplectic attack has immediately 
followed its use. 

On the other hand, paralysis of the face and tongue 
which occasionally remains after the disappearance of the 
other symptoms, readily gives way under the use of elec- 
tricity, even in long standing ciuses. In a patient fifty 
years of age, in whom this form of paralysis had existed 

L 2 
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for seven years, the disease was removed by twenty ndx 
applications. A careM diagnosis must first be made be- 
tween cerebral paralysis, and that arising fix>m an injury 
to, or some local affection of, the facial nerve. A medical 
firiend assures me, that about thirty years ago it frequently 
happened that physicians mistook the one for the other. In 
cerebral paralysis of the muscles of the &ce, these muscles 
possess their electric contractility, whereas in the other 
class of cases, they have lost it. Thus local galvanization 
is at once the best means for establishing a correct 
diagnosis, and effecting a cure. To apply galvanism with 
safety, and so as to avoid any cerebral reflex actions taking 
place, the conductors must be placed as near as possible to 
each other. 

Long sittings are to be avoided: if after fifteen or 
twenty applications of the remedy the muscles have not 
regained their voluntary power, we cannot hope for much 
success firom a longer continued application of the treat- 
ment ; but the treatment may be resumed at a future time. 
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PART THE SIXTH. 



We have now to consider, in the last place, the application 
of electricity by induction to certain other pathological 
conditions, many of which have proved intractable under 
the ordinary raodes of treatment. Alive to the uncertainty 
pervading all such inquiries, to the necessity for a most 
extended experience, to the uncertainty even of experi- 
m*ent itself, though planned by genius and executed by 
the most skilful hands, I shall, I trust, speak with all due 
caution, anxious and desirous neither to undervalue the 
facts of others, nor to mislead my professional brethren by 
giving to my own experience an imdue value. 

The failures of preceding experimenters in the patho- 
logical part of my subject have been already glanced at, 
and I need not, therefore, further allude to them : the 
methods at present in use, the scientific character of the 
observations, the superiority of the electric machines now 
employed, and the publicity with which many of the 
cases have been conducted, assure to this therapeutic 
agent, as it is now employed, not only a vast superiority 
over all previous observations, but further entitle the 
method to the most attentive consideration of the medical 
profession. 
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As it is not my intention by a systematic enumeration 
of the various diseases in which electricity has been em- 
ployed by myself and others, to lay claim to the merit 
due only to an elaborate treatise on electricity as a thera- 
peutic agent, I shall confine my remarks chiefly to 
those cases of paralysis, muscular contraction and other 
diseases I have myself observed in practice, and to those 
observations of others of the authenticity and correctness 
of which I feel well assured. 



CHAPTER I. 

Morbid Affeetiom of the general seimbility of the 

CvtaneauM Sfurfaee. 

The disease of which I now speak assumes two forms ; in 
one the sensibility is exalted to a painful extent ; in the 
other, it is so diminished that the skin becomes insensible. 
A theory based upon physiolo^cal experiments on the 
lower animals, but unsupported as yet by any direct 
appeal to pathology, would ascribe to a lesion of the 
posterior fasciculi of the medulla spinalis and their 
membranes, certain of these hypersesthesias of the integu- 
ments. In all such cases it is evident that a cardTnl 
diagnosis must first be made, inasmuch as, should the 
hyperaesthetic condition be caused by inflammation of the 
spinal cord, the employment of electricity would most 
assuredly aggravate the symptoms. It is such accidents 
as these which render the employment of electricity dan- 
gerous in any but medical hands ; and its hap-hazard em- 
ployment in former times contributed, no doubt, greatly 
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to lower its chaxacter with the more prudent of our pro- 
fesflion. But in the hysterical hjpersssthesia, Duchenne, 
with the aid of powerful electrization, has met with real 
mecess in the treatment of such cases. He admits, how« 
ever, that at least a half of the patients treated for this 
disease have been but momentarily relieved, and that the 
cutaneous hyperassthesia of hysterical women is one of the 
most obstinate of complaints. 

It is otherwise with cutaneous anaBSthesia, or loss of 
sensibility, general or partial, of the integuments; we 
have the assurance of Duchenne (and he gives many cases 
in support of his statement) that this disease yields readily 
to the use of the electricity of induction. Where the loss 
of sensibility is complete, or nearly so, the apparatus 
employed must be at its maximum of power with rapid 
iotenmissions, and the metallic brushes retained in their 
place on the sMn until it becomes red, showing that an 
organic action is taking place. Sensation now return? 
and the electric action must be sustained until the feeling 
becomes intolerable. For the brush, flat conductors are 
now to be used, and by these means it has happened that 
the sensibility of a limb has been restored in a few 
minutes. But generally, and especially where the loss of 
sensibility is general, the electric power must be widely 
and repeatedly used over extended sur&ces, for the very 
lEact of localization, so valuable a power under other cir- 
cumstances, here limits the benefits to be derived from 
electricity to the anaesthetic surface acted on« Hysterical 
women are frequently the subjects of general anaesthesia, 
which is apt to return after having been once or twice 
removed, but this may also be overocxne by a frequent 
renewal of the operation. 
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The palms of ihe hands and soles of the feet are subject 
to attacks of loss of sensibility ; against these comphdnts, 
espedudlj when the disease attacks the soles of the feet, 
no lemed J will be found more successful than electrici^ 
as now used ; ^ut we must not be too sanguine in such 
cases, for all who have practised localized galvanization 
ndust have repeatedly met with complete fidlures in cases 
in which thej had hoped for success. 



CHAPTER n. 

On the Treatment of the various forms of Neuralgia hy 

Localized Q-alvamsm. 

Having already discussed the important subject of 
paralysis, (£ muscular rheumatism, of consecutive contrac- 
tions, and of what the ingenious discoverer of localized gal- 
vanism has called the pathological physiology of contracted 
limbs, of atrophy and paralysis of the muscular system, 
and of special muscles or groups of miisdes, I shall sum up 
in this part of my work the amoimt of progress made in 
respect of some affections which seem to depend upon or to 
be more immediately connected with the nervous system ; 
admitting always, however, that the consideration of the 
two classes of disease cannot well be held as distinct, 
since it is through the nerves that we act in all To 
tiiese I shall add what has been made out in respect of 
the diseases of the deeper organs, those 1 mean which 
derive from the sympathetic system of nerves the pecu- 
liarities of their vitality or mode of life. 

Ist. Neuralgic affections of the various nerves are ad- 
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mitted to be a class of diseases of the most intractable 
nature, resisting at times every form of treatment. The 
resistance offered by the disease to eveiy attempted re- 
medy, extends even to modes of cure of an extremely 
severe nature, of which one at least was derived from 
the veterinary art: I allude to the cauterization of the 
helix (external ear) for sciatica. One fact resulting from 
these somewhat coarse experiments seemed to be the 
establishment of a law or principle, namely, that a sudden 
and acute pain developed at any point of the cutaneous 
surface was attended with the effect or result of pro- 
foundly modifying certain sciatic neuralgies. Now in 
order to produce such a painful impression there exists no 
method so safe and so sure as galvanization of a part of 
the surface. In every respect it is superior to cauteriza- 
tion by the heated iron, which disorganizes the structures 
and leaves a slough with all its impleasant and painful 
consequences. To produce this sudden and acute pain, 
it is not suflScient in general to electrify the cutaneous 
surface over the course of the sciatic or other nerve 
affected ; a more sensitive point must be sought for, and 
this may be attained by applying the conductor to the 
helix, or to the nasal septum. This must be done with 
the greatest caution. Nevertheless, the electrization of 
the pained part proved the most successful method in the 
hands of Duchenne, and is likely to supersede the employ- 
ment of blistering plasters, of acupimcture, &c. He suc- 
ceeded in. the most obstinate cases, after every other 
method had failed, and he selected such cases in the hos- 
pitals that the superiority of the method might be satisfac- 
torily demonstrated. 

2nd. In the painfid and distressing disease called angina 
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pectoris, originating occasionally, no donbt, in a neuralgia 
uncomplicated with organic lesions,* electricitj has been 
employed to- relieve the alarnung symptoms accompanying 
a paroxysm of the complaint. It seems to be from this 
paroxysm that the chief danger to the patient flows; 
to arrest it, therefore, is of the utmost importance. Now 
the remedial agents hitherto ^nployed, have all but com- 
pletely failed in pro6uring relief, and this led Duchenne 
to attempt the method of galvanization. He selected for 
his experiments two patients in whom the angina seemed 
to be es^ential^ that is, uncomplicated with any organic 
lesions, and he succeeded in both. To future inquirers 
must be left the task of supporting and confirming these 
first attempts. 



CHAPTER m. 



On Paralym of the Vesica Urinaria. 

There remains then but two forms of disease of which I 
think it necessary to speak in this chapter; the first is, 
the paralysis of the bladder, of the intestines, and of the 
muscles assisting their functions ; the second, a condition 
of the muscular system called atrophy, a result of which 
is, no doubt, a form of paralysis, constituting indeed 
one of the most striking and troublesome symptoms of the 
disease. 

1st. Surgeons are, perhaps, occasionally too hasty in 
their inferences respecting the condition of the sub-mucous 
muscular fibres forming the muscular tunic or tunics of 

* HandlxK^ of Phyaiology, Dr. Baly's ed. voL i p. 666. 
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the bladder, and in ascribing to a paralysis of these sub- 
mucous fibres, what is really due to paralysis of the 
abdominal walls themselves. Surgeons would do well to 
review carefully the evidence afibrded t^ the application 
of electricity to such diseases, and by a careful and well- 
matured diagnosis discriminate between cases which must 
have for their origin causes entirely opposite. I fed assured 
that in many cases of this painful affection electricity 
might be safely used as a substitute for the passage of the 
catheter. I even tliink, that dysuria may arise &om 
paralysis of the diaphragm. Such is Duchenne's opinion ; 
but he does not deny the existence of paralysis of the 
muscular tunic of the vesica urinaria itself. To remedy 
this morbid condition, he sometimes introduces a silver 
sound, free at its extremity, but isdated by a canula of 
caoutchouc throughout the rest of its extent; a second 
exciter is placed in the rectum, and he applies the olive 
shaped exciter over the fundus of the bladder. In all 
cases the bowels must be emptied, otherwise the electriza- 
tion will assuredly extend to the sacral plexus. 

When it is impossible or unadvisable to introduce an 
instrument into the bladder, electrization may be practised 
by the rectal exciter alone, aided by a humid excitor 
carried externally over the surface of the hypogastric 
region. 

The vesica luinariais subject to anaesthesia as well as to 
paralysis ; for this, localized galvanization is recommended 
to be applied to the inner surface of the bladder, and the 
same method has been found of service in anaesthesia of the 
reproductive organs in man and woman ; but it is needless 
for me to remark how careful the electrization must be in 
all such cases. 



156 MUSCULAB ATROPHY, 

Connected with this subject is the application of local- 
ized galvanization to incontinence of urine, constipation 
and descent of the rectum in consequence of atony of the 
sphincter. Observations are given in Duchenne's work 
tending to the establishment of the pathology of this latter 
disease, differing much from all preceding views. To 
discuss this matter would lead me into details, which of 
necessity would extend this chapter beyond its prescribed 
limits, and I beg leave, therefore, to refer my readers to 
what has been said respecting it by continental authors of 
repute. 



CHAPTER IV. 



On Muscular atrophy accompanied tvith paralysis; the 
fatty atrophic palsy of Children. 

Although the diseases I now consider, the muscular 
atrophy^ fatty and progressivcy and the atrophic paralysis 
(also fatty) of children, have been already alluded to in 
the chapter on paralysis, I have thought that as the sub- 
ject involves other considerations as well as the mere 
paralysis, a brief outline of their pathology might con- 
veniently follow the various forms of disease I have 
touched on in this contribution. 

The progressive muscular atrophy is a disease, which, 
up to 1849, all physicians regarded as constantly fatal. 
Once deyeloped, its progress could not be arrested. It is 
looked on .as hereditary, and terminates in some cases, at 
least, by an asphyxia caused by a destruction of the respi- 
ratory muscles. 
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Since that period Duchenne has been fortunate enough 
to arrest the progress of this afflicting and sad disease, so 
long as the fatty degeneration which accompanies the 
atrophy has not seized on the whole of the muscle ; having 
proved in a way satisfactory at least to liimself, that the 
fatty degeneration begiils only in the last period of the 
disease, and that the atrophic period which precedes this, 
and is characterized by fibrile contractions and by the 
presence of irritability is of very long duration. The 
atrophic condition is ascertained by a simple inspection of 
the patient ; the absence or the presence of the fatty de- 
generation, can be determined only by localized galvaniza- 
tion applied over the trunks of the nerves supplying the 
muscles with motor power. It was on such patients, as I 
have already remarked, that Duchenne performed those 
interesting electro-physiological and electro-pathological 
experiments which the method of localized galvanization 
enabled him to do. 

But it must still be confessed that the theory of this 
disease is most obscure, whilst, as yet, the mysterious thera- 
peutic agent, whose powers we now discuss, has but par- 
tially succeeded in relieving the symptoms or in arresting 
thsit progression towBida destruction which constitutes so 
prominent a symptom. The muscles become atrophied 
because they are not nourished ;* or, as in the case of 
yoimg persons, they are never developed. A friend 
informs me of two cases of this formidable disease, for 
which he was consulted, and for which every remedy 
(excepting localized galvanization) was tried in vain. 
They were the two sons of a &inily of wealth and rank, 

* Aran. Archives e^n^ules de Med. 1850,. and Oppenheimer Ueber 
progressiye fettige H^skelentartong. Heidelberg, 1855. 
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id both died about the same time, the one at about 
ourteen years of age, the other at twdve. There was a 
peculiarity in the limbs and form of the fitther of these 
young gentlemen which led my friend to ascribe it to an 
hereditary, or, at least, congenital defect Sir Charles 
Bell was consulted in the case but with no advantage. 
Now, why this defective condition of the nutrition ol 
the muscles? Monsieur Cruveilhier* calls the disease 
alxophic palsy, a name which, Duchenne says, gives not 
only a completely erroneous or inexact idea of the com* 
plaint, which is, in &ct, a disease of nutrition, but leads to 
a dangerous neglect on the part of the phjnsician of the 
stage of the disease, during which a cure is possible. It 
leads, in &ct, to the idea, that the paralysis is the first 
symptom, and, accordingly, in accordance, I think, with this 
view, has been devised and applied that theory wfa]<di 
would ascribe to an atrophic condition of the anterior at 
motor roots of the spinal nervesf the disease we now oon-* 
sider. But the pathological condition of these nnres 
has not, I think, been fully proved in these esses, whilst 
it is difficult, in accordanoe with the admitted facts of 
modem physiology, to see in how far the nutrition of tiie 
Toluntary muscular system can be so dep^ident on a sooad 
state o£ the motor nerves. In conclusion, it may be re- 
marked, that the vc^ume of the muscular fibre is not di* 
minished in alxophic palsy. 

Every physician knows that children, and more es* 
pecially infants, are subject to a paralyns, which, at times, 
may be removed with great rapidity under a variety of 
treatment, at other limes resists all therapeutic agents. 

* BoUetin de rAcad<ftiiie de Mddecine. PaoB. 1858. T. 18. 
t Toavenet, Gu. des Hop. 1851. 
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Aoooiding to the researches of Duchenne the form of 
paralysis, accompanied with a fiitty degeneradoii of the 
muscular fibre, is distinct from that which maj continue 
for a great length of time widiout any such degeneration 
taking place. In the former the paralysed muscles lose by 
d^rees tiieir contractility and electric sensibility. When 
these happily return, they do so along with their voluntary 
contractility. But shoidd the 8}rmptoms persist, they are 
followed by deformities of all sorts ; of the shoulders and 
trunk, pelvis, feet, &c. He concludes, from his obser- 
vations, that the disease has its origin in the spinal marrow. 
Some are readily cured by a salt-water bath, and a few 
simple remedies ; others resist all treatment. A medical 
£riend informs me that a case of complete paralysis 
of the lower half of the body which occurred in a 
child two years of age, was cured in a fortnight by sea- 
bathing and never returned. Such cases must have oc- 
curred to all who have enjoyed an extensive field of obser- 
vation ; but so also must the reverse. Thus the prognostic 
becomes extremely uncertain, and ought to be given with 
every caution. Whatever view may, in the progress of 
pathology, be taken of the true nature of this complaint, 
it seems evident, that no remedy presents more ratimud 
hopes of success than localized galvanism ; other forms of 
electmation are not safe in children and ought not to be 
employed. Thus no one would venture to recommend in 
very young children the electrization by reflex aotiaa, 
which most assuredly would act on the nervous centres, so 
delicate and excitaUe in children ; nor should we use the 
electro-cutaneous excitation, the gidvanization by rapid 
intermissions. But no such objections can be made to 
localized gdvanism as proved by repeated experience. 
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Here, as in all other cases of paralysis, the first object is 
to determine what muscles possess and what muscles have 
lost the power of electro-muscular contractility ; for, on its 
presence, though not wholly so, depend the hopes of a 
more or less speedy return of voluntary contractility, the 
object and aim of all treatment ; and with it, to a certain 
extent at least, the nutrition and development of the 
muscles affected. Thus the electro-muscular exploration 
becomes at once a means of diagnostic and a method of 
cure. 



CHAPTER V. 

On ParcAym of the Organs of the Voice ; Aphonia. 

In cases of this troublesome affection, which, in particular 
seasons of our ever-changing climate, attacks so many 
persons, I have repeatedly found the application of localized 
galvanism immediately to remove the complaint. Miss 
C — , a young lady about eighteen years of age, and of a 
nervous temperament, caught cold and lost her voice. 
This fiiculty was completely suppressed. For some time 
the electricity was applied to the front of the throat but 
without any good effect. I now changed the mode of 
galvanization, applying one conductor directly over the 
line of the inferior laryngeal nerves in their ascent towards 
the larynx, and anotber over the muscles of the larynx 
itself. So soon as the current was established the patient 
gave a loud scream and shortly afterwards completely re- 
covered her voice. Thus does localized galvanism prove 
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in man, what physiologists from Galen to Majendie, by 
oft-repeated vivisections, had endeavoured to establish and 
never very satisfactorily, that the recurrent nerves are the 
instruments by which the will acts on the intrinsic muscles 
of the larynx, and that the phenomena of the voice depend 
on their integrity. 

. Many cases have been recorded of persons who had 
been treated successfully by electricity long prior to the 
discovery of the inductive currents and of localized gal- 
vanism. Such a case is recorded in the 'Memoirs of the 
Academy of Sciences in 1753.' A girl, aged 14, had lost 
her voice, and became at the same time paralytic from 
fright ; she recovered by the application of the common 
electricity of friction. The unknown and mysterious 
power of the will ovfer the nerves and muscles of the 
larynx, suspended, interrupted, and destroyed by the 
influence of terror, was here restored by merely exciting 
that contractility of the muscle over which electricity 
exercises its influence. Neither physiology nor pathology, 
it is true, igive us any clue to the explanation of such 
cases, but the fiicts which most interest man, still remain 
imassailed; the loss of voluntary power over a muscle 
implies no permanent injury done to the contractility of 
the muscle nor to the conducting power of the nerve, as 
proved by the muscle obeying the influence of electricity 
transmitted to it through a peripheral portion of the 
nerve supplying it. That the condition so generated 
in a portion of the nerve, should, in the first instance, 
extend to the muscle, is not so much to be wondered at 
as its retrograde action towards the sensorium commune, 
yet the facts I have already mentioned and to which many 
others might be added, prove that this is the case. Caesar 

M 
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Pellegrine,* cured of aphonia in twelve applications a 
young man, aged 24 ; the disease was of sixteei;! months' 
standing. Dr. Walterf was equally successful in the case 
of a man of 45. In the journal containing these cases 
will be found in the number for 1847, the case of a woman, 
aged 24, who lost her voice, in consequence of chronic 
laryngitis, caused by syphilis. She recovered completely 
on the third application. Duchenne also gives two cases 
in which the electricity used, as here recommended, 
proved entirely successful. The first was that of a yoimg 
lady, aged 17, who suffered from aphonia for seven months; 
she recovered in thirteen applications; in the second 
case, the loss of voice was of two and a half years' stand- 
« ing; the disease yielded to four applications. In this 
latter case every imaginable remedy had previously been 
unsuccessfully resorted to. Lastly, electricity succeeded 
in the hands^of M. Sedillot,t after every other method 
had failed. I should tire the reader were I to mention 
all the cases already recorded of the success with which 
localized galvanism has been applied to aphonia, under a 
great variety of circumstances; but this may be said of 
them that they seem fully to warrant the encomiums 
bestowed. 



CHAPTER VL 



Paralysis of the Pharynx and Ghillet. 

These affections come on suddenly or by degrees. The 
cases on record in which electricity was had recourse to, 

* Canstatts Jahrbiicher, 1843. t C. J., 1845. 

t Acad, de Science, 24th Dec. 1855. 
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lead us to form a high opinion of its efficacy,* Monro, 
among several successful cases, relates one of a patient 
who was only able to swallow when sitting upon the 
electric stool. 

Thus gradually has the application of electricity to the 
diseases of the nerves and muscles, been so improved as 
to merit a high place in the list of the therapeutic agents 
which man brings to bear on the evils afflicting humanity. 
On its jSrst introduction, we are told that M. Sauvages 
relieved so many persons affected with palsies that a sort 
of furor was raised in the public mind to such an extent, 
iJbat the priests were obliged to interfere to protect him 
fjfom the pipulace, who ascribed his success to witchcraft. 
A reaction naturally followed this extravaganza, and the 
method being devoid of all scientific basis, practised, by 
the empirical and by those to whom the anatomy and 
physiology of man were unknown, fell speedily almost 
into abeyance, and the phenomena exhibited by this the 
most powerful of Nature's great physical agents came at 
last to be exhibited to children and to the ignorant as 
something amusing, and at the same time wonderful ; a 
prejudice even arose in the public mind against it, in con- 
sequence of the foolish practice of giving severe shocks to 
persons not dreading nor expecting such a trial. Eescued 
at last from this low condition, and recognised by prac- 
tical men of the highest eminence as a most powerful, 
perhaps the most powerful of nervous excitants or stimu- 
lants, we may, with all safety, predict a new career for 
medical electricity. That much remains to be done I am 
free to admit ; the facts, as they appear, must be recon- 
ciled to the admitted physiology and pathology of the 

* Bomberg, vol. ii., p. 345. 
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day, or that physiology and pathology at once abandoned. 
There was a period in medicine, I allude to the commence- 
ment of the present century, when, influenced perhaps 
by the labours of the illustrious pathologists of a past 
age — Ideutaud and Morgagni, Bonetus and Baillie, 
diseases accompanied with organic changes of the organs 
were held to be uniformly incurable ; we now know that 
they are not so. There was a period, and that not a 
remote one, when amputations of the limbs were prac- 
tised for diseased conditions which the modem surgeon 
now treats without mutilation; in this new phasis of 
medicine and surgery, medical electricity enters and takes 
its place, not without well-groimded expectations of its 
therapeutic powers being shortly fiilly recognised and 
acknowlediged in all the departments of the healing art. 



THE END. 
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